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SUBPART A-GENERAL 

5 213.1 Scope of part. 

This part prescribes initial tTIinit?IUm Safe- 

ty requirements for rallroad track that is part 
of the general railroad system of transporta- 
tion. The requirements prescribed in this part 
apply to specific track conditions existing in 
lsolatlon Therefore, a combination of track 
conditions, none of which Individually 
amounts to a deviation from the requirements 
in this part, may require remedlal action to 
provide for safe operations over that track 

5 213.3 Application. 

(a) Except as provided m paragraph (b) of 
this sectlon, this part applies to all standard 
gage track In the general railroad system of 
transportation 

(b) This part does not apply to track- 
(1) Located Inside an installation which IS 

not part of the general railroad system of 
transportation, or 

(2) Used exclusively for rapid transit, com- 
muter or other short-haul passenger service 
in a metropolitan or suburban a&a. 

§ 213.4 Excepted track. 

A track owner may designate a segment of 
track as excepted track provided that 

(a) The segment IS ldentlfled in the time- 
table, special Instructions, general order, or 
other appropriate records which are avallable 
for Inspection during regular business hours; 

(b) The ldentlfled segment is not located 
within 30 feet of an adjacent track which can 
be subjected to simultaneous use at speeds 
in excess of 10 miles per hour, 

(c) The identlfed segment is inspected in 
accordance with 5 213.233(c) at the frequency 
specified for Class 1 track; 

(d) The Identified segment of track is not 
located on a bridge Including the track ap- 
proaching the bridge for 100 feet on either 
side, or located on a public street or highway, 
rf railroad cars containing commodities re- 
quired to be placarded by the Hazardous Ma- 
terials Regulations (49 CFR Part 172), are 
moved over the track, and 

(e) The railroad conducts operations on the 
identified segment under the following con- 
ditions: 

(1) No tram shall be operated at speeds in 
excess of 10 miles per hour; 
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(2) No revenue passenger train shall be 
operated; and 

(3) No freight tram shall be operated that 
contains more than five cars required to be 
placarded by the Hazardous Materials Regu- 
lations (49 CFR Part 172). 

5 213.5 Responsibility of track owners. 

(a) Except as provided in paragraph (b) of 
this section, any owner of track to which this 
part applies who knows or has notice that the 
track does not comply with the requirements 
of this part, shall- 

(1) Bring the track into compliance, 
(2) Halt operations over that track; or 
(3) Operate under authority of a person 

designated under 5 213.7(a), who has at least 
one year of supervisory experience In railroad 
track maintenance, subject to conditions set 
forth in this part 

(b) If an owner of track to which this part 
applies designates a segment of track as “ex- 
cepted track” under the provisions of 5 213 4, 
operations may continue over that track with- 
out complying with the provisions of subparts 
B, C, D, and E. 

(c) If an owner of track to which this part 
applies assigns responsibility for the track to 
another person (by lease or otherwise), .any 
party to that assignment may petition the Fed- 
eral Railroad Administrator to recognize the 
person to whom that responsibility IS assigned 
for purposes of compliance with this part. 
Each petition must be in writing and include 
the following. 

(1) The name and address of the track 
owner, 

(2) The name and address of the person 
to whom responsibility is assigned (assignee), 

(3) A statement of the exact relatIonshIp 
between the track owner and the assignee; 

(4) A precise identification of the track; 

(5) A statement as to the competence and 
ability of the assignee to carry out the duties 
of the track owner under this part; and 

(6) A statement signed by the assignee 
acknowledging the assignment to him of re- 
sponsibility for purposes of compliance with 
this part. 

(d) If the Administrator IS satisfied that the 
assignee is competent and able to carry out 
the duties and responsibilities of the track 
owner under this part, he may grant the peti- 
tion subject to any conditions he deems nec- 
essary If the Administrator grants a petition 
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ullder thus section, he shall so notify the own- 
er and the assignee After the Admrnistrator 
grants a pehtion, he may hold the track owner 
or the assrgnee or both responstble for com- 
pliance with thts part and subject to penalttes 
under 0 213 15. 

(e) A common carrier by railroad which IS 

directed by the Interstate Commerce Com- 
mission to provide service over the track of 
another railroad under 49 U.S.C. 11125 is con- 
sidered the owner of that track for the pur- 
poses of the application of this part during the 
period the directed service order remains in 
effect. 

5 213.7 Designation of qualified persons to 
supervise certain renewals and inspect 
track. 

(a) Each track owner to which this part ap- 
plies shall designate qualified persons to 
supervlse restoratlons and renewals of track 
under traffic conditions Each person desig- 
nated must have- 

(1) At least- 
(I) 1 year of supervisory experience In rail- 

road track maintenance, or 
(II) A comblnatlon of supervisory experi- 

ence In track maintenance and training from 
a course In track maintenance or from a col- 

lege level educatronal program related to 
track maintenance, 

(2) Demonstrated to the owner that he- 
(I) Knows and understands the requlre- 

ments of this part, 
(II) Can detect deviations from those re- 

quirements, and 
(iii) Can prescribe appropriate remedial 

action to correct or safely compensate for 
those deviations; and 

(3) Written authorrzation from the track 
owner to prescribe remedial actions to cor- 
rect or safely compensate for devlahons from 
the requirements in this part. 

(b) Each track owner to which this part ap- 
plies shall designate qualified persons to m- 
spect track for defects Each person desig- 
nated must have- 

(1) At least- 
(i) 1 year of experience in railroad track 

inspection, or 
(ii) A combination of experience in track 

inspection and training from a course in track 
lnspectton or from a college level educational 
program related to track inspection, 

(2) Demonstrated to the owner that he- 

(I) Knows and understands the requlre- 

ments of this part. 
(II) Can detect deviations from those re- 

quirements; and 
(ill) Can prescribe appropriate remedial 

action to correct or safely compensate for 
those deviations, and 

(3) Written authorization from the track 
owner to prescribe remedial actions to cor- 
rect or safely compensate for deviations from 
the requirements of this part, pending re- 
view by a qualified person designated under 
paragraph (a) of this section 

(c) With respect to designahons under 
paragraphs (a) and (b) of this section, each 
track owner must maintain written records 
of- 

(1) Each designation in effect, , 

(2) The basis for each designation; 

(3) Track inspections made by each desrg- 
nated qualified person as required by 0 
213.214. 
These records must be kept available for rn- 
spectlon or copying by the Federal Railroad 
Administrator during regular business hours. 

5 213.9 Class of track: operating speed 
limits. 

(a) Except as provided in paragraphs (b) 
and (c) of this section and $9 21357(b), 213.59 
(a), 213.113, and 213.137(b) and (c), the fol- 
lowing maximum allowable operating speeds 
apply 

The maxlmum The maxlmum 
Over track that allowable allowable 

meets a// 01 operitmg operatrng 
’ the requrre- speed for speed for 

ments prescribed trerghf passenger 
in fhls part for- trams IS- trains Is- 

Class 1 track 10mph 15mph 
Class 2 track 25mph 30mph 
Class 3 track 40mph 60mph 
Class 4 track 60mph 60mph 
Class 5 track 60 m p.h 90mph 
Class 6 track 110 m p h 1lOmph 

(b) If a segment of track does not meet all 
of the requirements for its intended class, it 
IS reclassified to the next lowest class of track 
for which it does meet all of the requirements 
of this part. However, if the segment of track 
does not at least meet the requirements for 
Class 1 track, operations may continue at 
Class 1 speeds for a period of not more than 
30 days without bnnging the track into compli- 
ance, under the authority of a person desig- 
nated under $ 213.7(a), who has at least one 
year of supervisory experience In railroad 
track maintenance, after that person deter- 
mines that operations may safely continue 
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and subject to any limiting conditions specr- 
fied by such person 

(c) Maximum operating speed may not ex- 
ceed 110 m p h without prior approval of the 
Federal Railroad Administrator PetitIons for 
approval must be filed in the manner and con- 
tain the Information required by 5s 211.7 and 
211 9 of this chapter. Each petmon must 
provide sufficient information concerning the 
performance characteristics of the track, stg- 
nalrng, grade crossing protection, trespasser 
control where appropriate, and equipment in- 
volved and also concerning maintenance and 
Inspection practices and procedures to be 
followed, to establish that the proposed speed 
can be sustained in safety. 

5 213.11 Restoration or renewal of track un- 
der traffic conditions. 

If during a period of restoration or renewal, 
track IS under traffic condmons and does not 
meet all of the requirements prescribed in this 
part, the work on the track must be under the 
continuous supervision of a person desig- 
nated under 0 213.7(a) who has at least one 
year of supervisory experience in railroad 
track maintenance. The term “continuous su- 
pervision” as used in this section means the 
physical presence of that person at a job site. 
However, since the work may be performed 
over a large area, It is not necessary that each 
phase of the work be d&e under the visual 
supervision of that person. 

5 213.13 Measuring track not under load. 

When unloaded track is measured to de- 
termine compliance with requirements of this 
part, the amount of rail movement, If any, that 
occurs while the track is loaded must be add- 
ed to the measurements of the unloaded 
track. 

3 213.15 Civil penalty. 

(a) Any owner of track to which this part 
applies, or any person held by the Federal 
Railroad Admtmstrator to be responsible un- 
der 5 213.5(d), who violates any requirement 
prescribed in this part IS subject to a civil pen- 
alty of at least $250 but not more than $2,500 

(b) For the purpose of this section, each 
day a violation persists shall be treated as a 
separate offense. 

§ 213.17 Exemptions. 

(a) Any owner of track to which this part 
applies may petition the Federal Railroad Ad- 
ministrator for exemption from any or all re- 
quirements prescribed in this part. 
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(b) Each petition for exemptton under this 
section must be filed in the manner and con- 
tain the information required by 58 211 7 and 
211 9 of this chapter. 

(c) If the Admmistrator finds that an ex- 
emption is In the public Interest and IS con- 
sistent with railroad safety, he may grant the 
exemption subject to any conditions he deems 
necessary. Notice of each exemption granted 
is published in the Federal Register together 
with a statement of the reasons therefore 

SUBPART B-ROADBED 

Q 213.31 Scope. 

This subpart prescribes minimum requlre- 
ments for roadbed and areas immediately ad- 
jacent to roadbed. 

5 213.33 Drainage. 

Each drainage or other water carrying fa- 
cility under or immediately adjacent to the 
roadbed must be mamtamed and kept free 
of obstruction, to accommodate expected 
water flow for the area concerned. 

5 213.37 Vegetation. 

Vegetation on railroad property which IS 

on or immediately adjacent to roadbed must 
be controlled so that it does not- 

(a) Become a fire hazard to track-carrying 
structures; 

(b) Obstruct visibility or railroad signs and 
signals; 

(c) Interfere with railroad employees per- 
forming normal trackside duties; 

(d) Prevent proper functioning of signal and 
communication lines, or 

(e) Prevent railroad employees from VIS- 

ually inspecting moving equipment from therr 
normal duty stations 

SUBPART C-TRACK GEOMETRY 
5 213.51 Scope. 

This subpart prescribes requirements for 
the gage, alinement, and surface of track, and 
the elevatron of outer rails and speed Irmlta- 
tions for curved track. 

5 213.53 Gage. 

(a) Gage is measured between the heads 
of the rails at right-angles to the rails In a 
plane five-eighths of an inch below the top 
of the rail head. 

(b) Gage must be wrthm the limns pre- 
scribed in the followmg table: 
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Class of Track 

___ -~~~ 
Tangent track Curved track ~~ r ~~~ The devlatton of The devlatlon of 

Class of the mid-offset the mid-ordinate 

track from 62.foot Ilne’ , from 62-foot chord> 
may not be more 1 may not be more 

than- than- 
_~~ ~~ ~~~~ 

5” 5” 
3” 3” 
1% ” 1% ” 
1 ‘,‘z ” 1 ‘/2 ” 

% ” s/a ” 
$5 ” 

i 
)/a ” 

1 I 
I 

4’ a’* I 4’ 10” 
2 and 3 4’ 8” i 4’ QYq” 

4 and 5 

i 

4’ 8” 4’ 9% ” 

6 4’ a*# 4’ 9’/4” 
.____ 

5 213.55 Alinement. 

Almement may not deviate from umformity 
more than the amount prescribed m the fol- 
lowing table 

‘The ends 01 the Ihne must be at pomts on the gage 
side of the line ratI five-eights of an Inch below the top 

of the fallhead Either rail may be used as the lme rail 
however the same rail must be used for the full length 

of that tangential segment of track 

‘The ends of the chord must be at points on the gage 

stde of the outer rail five-etghts of an Inch below the 

top of the rallhead 

J 213.57 Curves; elevation and speed limita- 
tions. 

(a) Except as provided In 5 213.63, the out- 
side rail of a curve may not be lower than the 
Inside rail or have more than 6 inches of ele- 
vation 

Track surface 

(b) The maximum allowable operating 
speed for each curve IS determined by the 
following formula: 

where 

..- 
V m,x = 

E, + 3 -__ 
0 0007D 

V m*, z MaxImum allowable operatmg speed (miles 
per hour). 

E, = Actual elevation of the outslde rail (mcheo) 
D = Degree of curvature (degrees). 

Appendix A IS a table of maximum allowable 
operating speed computed m accordance with 
this formula for various elevations and de- 
grees of curvature. 

Q 213.59 Elevation of curved track; runoff. 

(a) If a curve IS elevated, the full elevation 
must be provided throughout the curve, un- 
less physical conditions do not permit. If ele- 
vation runoff occurs In a curve, the actual 
minimum elevation must be used in comput- 
ing the maximum allowable operating speed 
for that curve under 5 213.57(b) 

(b) Elevation runoff must be at a uniform 
rate, withm the limits of track surface devla- 
tion prescribed in 5j 213.63, and tt must extend 
at least the full length of the spirals. If physl- 
cal condltlons do not permit a spiral long 
enough to accommodate the minimum length 
of runoff, part of the runoff may be on tangent 
track. 

5 213.63 Track surface. 

Each owner of the track to which this part 
applies shall malntaln the surface of Its track 
within the limits prescribed in the followlng 
table 

Class of track 

1 2 3 4 5 6 

The runoff In any 31 feet of rail at the end 
of a raise may not be more than 

The devlatlon from uniform profile on either 
rat1 at the mIdordInate of a 62-foot 
chord may not be more than 

Devtatlon from designated elevation on 
spirals may not be more than 

Vanatlon In cross level on spirals in any 
31 feet may not be more than 

Devlatlon from zero cross level at any point 
on tangent or from designated elevation on 
curves between spirals may not be more than 

The difference In cross level between any two 
pomts less than 62 feet apart on tangents and 
curves between spirals may not be more than 

3% ” 3” 2” 1 l/z ” 1” ‘/2 ” 

3” 2%” 2%” 2” 1 % ” ‘/2 ‘I 

1% ” 1 v2 ” 1% ” 1” Y4 ” % ” 

2” 1% ” 1% ” 1” Y4 l I 1/2 I’ 

3” 2” 1% ” 1 Y4 ” 1” % ” 

3” 2” 1 Y4 ” 1’/4 ” 1 eS 36 SP 
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SUBPART D-TRACK STRUCTURE 

Q 213.101 scope. 

This subpart prescribes minimum require- 
ments for ballast, crossties, track assembly 
flttmgs, and the physical conditions of rails. 

Q 213.103 Ballast; general. 

Unless it IS otherwlse structurally sup- 
ported, all track must be supported by ma- 
terlal which will- 

(a) Transmit and distribute the load of the 
track and railroad rolling equipment to the 
subgrade; 

(b) Restrain the track laterally, longitudin- 
ally, and vertically under dynamic loads im- 
posed by railroad rolling equipment and 
thermal stress exerted by the rails; 

(c) Provide adequate drainage for the track, 
and 

(d) Maintain proper track crosslevel, sur- 
face. and alinement. 

5 213.109 Crossties. 

(a) Crossties shall be made of a material to 
which rail can be securely fastened. 

(b) Each 39 foot segment of track shall 
have: 

(1) A sufficient number of crossties which 
in combination provide effective support that 
will: 

(i) Hold gage within the limits prescribed 
in Q 213.53(b); 

(ii) Maintain surface within the limits pre- 
scribed in 5 213.63; and 

(iii) Maintain alignment within the limits 
prescribed in 0 213.55. 

(2) The minimum number and type of cross- 
ties specified in paragraph (c) of this section 
effectively distributed to support the entire 
segment; and 

(3) At least one crosstie of the type speci- 
fied in paragraph (c) of this section that is 
located at a joint location as specified in 
paragraph (d) of this section. 

(c) Each 39 foot segment of: Class 1 track 
shall have five crossties; Classes 2 and 3 
track shall have eight crossties; Classes 4 
and 5 track shall have 12 crossties; and Class 
6 track shall have 14 crossties, which are not: 

(1) Broken through; 

(2) Split or otherwise impaired to the extent 
the crossties will allow the ballast to work 
through, or will not hold spikes or rail fas- 
teners; 
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(3) So deteriorated that the tie plate or base 
of rail can move laterally more than 1/2 inch 
relative to the crossties; or 

(4) Cut by the tie plate through more than 
40 percent of a ties’ thickness. 

(d) Class 1 and Class 2 track shall have one 
crosstie whose centerllne is wlthln 24 inches 
of the rail joint locatlon, and Classes 3 
through 6 track shall have one crosstie whose 
centerline IS within 18 Inches of the rail jomt 
location The relative position of these ties 
IS described In the following table. 

oasses 1 d”d 2 

II 

loo 001 
I I 

I I \ 

5 213.113 Defective rails. 

(a) When an owner of track to which this 
part applies learns, through inspection or 
otherwise, that a rail in that track contains 
any of the defects listed in the followlng table, 
a person designated under § 213 7 shall de- 
termine whether or not the track may conttnue 
in use. If he determines that the track may 
continue In use, operation over the defectrve 
rail is not permitted until- 

(1) The rail is replaced, or 
(2) The remedial action prescribed In the 

table is initiated: 
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Remedial Action 

Percent of rarl head’ 
cross-sectronal area, tf defective rarf is 

weakened by defect ! not replaced, take 
But not 1 the remedtal acbon 

Defectrve i 

weld 

I C 

*’ EorE 100 , 

and H 

__ ~~-~ _p~i---- -_-I__ 

.___- 

Remedral Action 

But not 
More than more than 

T 

t 

(‘1 sp head{ 

crack 

t 

~Fp 
‘Break out m rail head. 

If defectrve rail 
IS not replaced 

take the remedral 
actron prescribed 

m note 
-- - 

H and F 
I and G 
6. 
A 

H and F 
I and ,G. 
B 
A. 

H and F. 
G. 
8. 
A. 

-- 
E. 
A or E and I 

A or E. 

C 

Notes 
A Assrgned person destgnated under 5 213.7 to 

vrsually supervrse each operation over defecbve rail 
B Lfmrt operating speed over defective ratI to that 

as authorized by a person destgnated under 5 213.7(a), 
who has at leas! one year of supervisory expertence In 

railroad track mamtenance 
C Apply fornt bars bolted only through the outermost 

holes to defect wrthm 20 days after It IS determmed to 
contmue the track In use In the case of Classes 3 
through 6 track, lrmrt operating speed over defechve ralf 
IO 30 mph unhl angle bars are applied. thereafter frmlt 
speed to 60 mph or the maxrmum allowable speed 
under 5 213 9 for the class of track concerned, which 

ever IS lower 
D Apply )ornt bars bolted only through the outermost 

holes to defect wrthrn 10 days after rt IS determined to 
conhnue the track tn use. In the case of Classes 3 
through 6 track, lrmrt operatrng speed over the defective 
rat1 to 30 mph or less as authorrzed by a person desrg- 
nated under J 213 7(a), who has at least one year of 
supervrsory experrence In rarlroad track maintenance, 
untrl angle bars are applfed, thereafter, limtt speed to 
60 mph or the maxrmum allowable speed under § 213 9 
for the class of track concerned, whtchever IS lower 

E Apply loint bars to defect and bolt m accordance 
with !j 213 121 (d) and (e) 

F inspect ratI 90 days after it IS determined to con- 
trnue the track In use 

G Inspect rail 30 days after it IS determined to con- 
tinue the track in use 

H Lrmrt operatmg speed over defective rail to 60 mph 
or the maxrmum allowable speed under $ 213 9 for the 
class of track concerned whichever IS lower 

I Lrmrt operahng speed over defectrve rafl to 30 mph 
or the maxrmum allowable speed under 52139 for 
the class of track concerned, whrchever IS lower 

(b) As used in this sectron- 

(1) “Transverse Frssure” means a progres- 
sive crosswise fracture starting from a crystal- 
line center or nucleus Inside the head from 
which it spreads outward as a smooth, bright, 
or dark, round or oval surface substantrally at 
a right angle to the length of the rarl. The dis- 
tinguishing features of a transverse fissure 
from other types of fractures or defects are 
the crystalline center or nucleus and the near- 
ly smooth surface of the development whlrc 
surrounds it. 

(2) “Compound Fissure” means a progres- 
Slve fracture originating in a horrzontal splrt 
head which turns up or down in the head of 
the rail as a smooth, bright, or dark surface 
progressing until substantially at a right an- 
gle to the length of the rail. Compound frs- 
Sures require examination of both faces of 
the fracture to locate the hortzontal split head 
from which they orrginate 

(3) “Horizontal Split Head” means a horr- 
zontal progressive defect orrgrnatmg inside 
of the rail head, usually one-quarter inch or 
more below the running surface and progres- 
sing horizontally In all directions, and gen- 
erally accompanied by a flat spot on the 
running surface. The defect appears as a 
crack lengthwise of the rail when It reaches 
the side of the rail head. 
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(4) “Vertical Split Head” means a vertical 
splrt through or near the middle of the head, 
and extending into or through It. A crack or 
rust streak may show under the head close to 
the web or pieces may be splrt off the srde of 
the head. 

(5) “Split Web” means a lengthwise crack 
along the side of the web and extendmg into 
or through it. 

(6) “Piped Rail” means a vertical split In 
a rail, usually In the web, due to failure of the 
shrinkage cavrty in the ingot to unite in rolling. 

(7) “Broken Base” means any break in the 
base of a rail. 

(8) “Detarl Fracture” means a progressive 
fracture originating at or near the surface of 
the rail head. These fractures should not be 
confused with transverse fissures, compound 
fissures, or other defects which have internal 
origins. Detarl fractures may arise from shelly 
spots, head checks, or flaking. 

(9) “Engine Burn Fracture” means a pro- 
gressive fracture originating in spots where 
driving wheels have slipped on top of the rail 
head. In developing downward they frequent- 
ly resemble the compound or even transverse 
fissures with which they should not be con- 
fused or classified. 

(10) “Ordinary Break” means a partial or 
complete break in which there IS no srgn of 
a fissure, and in which none of the other de- 
fects descrrbed in this paragraph are found. 

(11) “Damaged Rail” means any rail broken 
or Injured by wrecks, broken, flat, or unbal- 
anced wheels, slipping, or similar causes. 

8 213.115 Rail end mismatch. 

Any mismatch of rails at Joints may not be 
more than that prescribed by the following 
table: 

Any mismatch of rails at 
lomts may not be more 

than the followmg- 

On the tread On the gage 
Class of of the rail side of the 

track ends (Inch) rail ends (Inch) 

1 10 l/4 
2 l/4 3/16 

3 3/16 3/16 

4, 5 l/6 j/6 
6 j/6 l/8 

NAVFAC MO-103 
[Change 1. October 1985) 

Q 213.121 Rail joints. 

(a) Each rail joint, insulated )ornt, and com- 
promise joint must be of the proper design 
and dimensions for the rail on which it IS ap- 
plied. 

(b) If a joint bar on classes 3 through 6 
track IS cracked, broken, or because of wear 
allows vertical movement of either rail when 
all bolts are tight, It must be replaced 

(c) If a Joint bar IS cracked or broken be- 
tween the middle two bolt holes It must be 
replaced 

(d) In the case of conventional JOInted 

track, each rail must be bolted with at least 
two bolts at each joint in classes 2 through 6 
track, and with at least one bolt in class 1 
track. 

(e) In the case of contrnuous welded rarl 
track, each rail must be bolted with at least 
two bolts at each point. 

(f) Each joint bar must be held in positlon 
by track bolts tightened to allow the joint bar 
to firmly support the abutting rail ends and 
to allow longrtudmal movement of the rarl tn 
the tornt to accommodate expansion and con- 
traction due to temperature varlatlons When 
out-of-face, no-slrp, joint-to-rail contact exrsts 
by design, the requirements of this paragraph 
do not apply Those locations are considered 
to be continuous welded rail track and must 
meet all the requirements for continuous 
welded rail track prescribed in this part 

(g) No rail or angle bar having a torch I 
or burned bolt hole may be used In clas%,ss 3 
through 6 track. 

I 213.123 Tie plates. 

(a) In classes 3 through 6 track where tlm- 
ber crossties are In use there must be tre 
plates under the running rails on at least erght 
of any 10 consecutive ties 

5 213.127 Rail fastenings. 

Each 39 foot segment of rail shall have a 
sufficient number of fastenings which, In the 
determination of a quaIlfled Federal or State 
track inspector, effectively maintain gage 
wrthm the lrmrts prescribed in 9 213 53(b) The 
term “qualified State track Inspector“ as used 
in this section means a track inspector who 
meets the qualification requrrements of 49 
CFR 212.203 (Formerly 9 212.75). 
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§ 213.133 Turnouts and track crossings gen- 
erally. 

(a) In turnouts and track crossings, the fas- 
tenings must be Intact and malntalned so as 
to keep the components securely In place 
Also, each swrtch, frog, and guard rail must 
be kept free of obstructlons that may Inter- 
fere with the passage of wheels 

(b) Classes 4 through 6 track must be 
equipped with rail anchors through and on 
each side of track crossings and turnouts, to 
restrain rail movement affecting the posltlon 
of switch points and frogs 

(c) Each flangeway at turnouts and track 
crossings must be at least 1% inches wide 

5 213.135 Switches. 

(a) Each stock rail must be securely seated 
in switch plates but care must be used to 
avoid canting the rail by overtlghtenlng the 
rail braces. 

(b) Each switch point must fit Its stock rail 
properly, with the switch stand In either of Its 
closed positions to allow wheels to pass the 
switch point Lateral and vertical movement of 
a stock rail in the switch plates or of a switch 
plate on a tte must not adversely affect the fit 
of the switch point to the stock rail 

(c) Each switch must be maintained so that 
the outer edge of the wheel tread cannot con- 
tact the gage side of the stock rail 

(d) The heel of each switch rail must be 
secure and the bolts in each heel must be 
kept tight 

(e) Each switch stand and connecting rod 
mb-.t be securely fastened and operable wlth- 
out excessive lost motion 

(f) Each throw lever must be maintalned so 
that It cannot be operated with the lock or 
keeper in place. 

(g) Each switch position indicator must be 
clearly visible at all times 

(h) Unusually chrpped or worn switch 
points must be repaired or replaced. Metal 
flow must be removed to insure proper clos- 
ure. 

5 213.137 Frogs. 

(a) The flangeway depth measured from 
a plane across the wheel-bearing.area of a 
frog on class 1 track may not be less than 1% 
inches, or less than 1% inches on classes 2 
through 6 track 

(b) tf a frog point IS chipped, broken, or 
worn more than five-eights inch down and 6 

inches back, operating speed over the frog 
may not be more than IO miles per hour. 

(c) If the tread portion of a frog casting IS 
worn down more than three-eights Inch below 
the original contour, operating speed over 
that frog may not be more than 10 miles per 
hour 

5 213.139 Spring rail frogs. 

(a) The outer edge of a wheel tread may not 
contact the gage side of a spring wing rail. 

(b) The toe of each wing rail must be solidly 
tamped and fully and tightly bolted 

(c) Each frog with a bolt hole defect or 
head-web separation must be replaced 

(d) Each spring must have a tension suffl- 
cient to hold the wing rail against the point 
rail. 

(e) The clearance between the holddown 
housing and the horn may not be more than 
one-fourth of an Inch. 

8 213.141 Self-guarded frogs. 

(a) The raised guard on a self-guarded frog 
may not be worn more than three-eights of an 
inch 

(b) If repairs are made to a self-guarded 
frog without removmg It from service, the 
guarding face must be restored before re- 
building the point. 

§ 213.143 Frog guard rails and guard faces; 
gage. 

The guard check and guard face gages In 
frogs must be within the limits prescribed In 
the following table 

Guard check gage Guard face gage 
The distance The distance 

between the gage between guard 
ltne of a frog Imes.’ measured 

to the guard Imel across the track 
of Its guard rall at right angles 

Class or guarding face, to the gage 
of measured across Ilne.’ may not 

track the track at right be more than- 
angles to the gage 

line,’ may not 
be less than- 

1 4’ 6% ” 4’ 5% ” 
2 4’ 6Vi ” 4’ 5% ” 

3. 4 4’ 6% ” 4’ 51% ” 

5. 6 4’ 6’/2 ” 4’ 5” 

‘A lme along that side of the flangeway which IS 
nearer to the center of the track and at the same eleva- 
tion as the gage line 

‘A line H Inch below the top of the center line of the 
head of the runnmg rail. or corresponding locatlon of 
the tread portlon of the track structure 
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SUBPART E-TRACK APPLIANCES 
and TRACK-RELATED DEVICES 

5 213.201 Scope. 

This subpart prescribes mlnlmum require- 
ments for certain track appliances and track- 
related devices. 

g 213.205 Derails. 

(a) Each derail must be clearly visible 
When In a locked positlon a derail must be 
free of any lost motion which would allow It 
to be operated without removing the lock 

SUBPART F-INSPECTION 

8 213.231 Scope. 

This subpart prescribes requirements for 
the frequency and manner of inspecting track 
to detect deviations from the standards pre- 
scrtbed In this part 

5 213.233 Track inspections. 

(a) All track must be inspected rn accord- 
ance with the schedule prescribed i,n para- 
graph (c) of this section by a person deslg- 
nated under 4 213.7 

(b) Each InspectIon must be made on foot 
OI by riding over the track in a vehicle at a 
speed that allows the person maklng the in- 
spectton to visually inspect the track struc- 
ture for compliance with this part. However, 
mechanical, electrical, and other track in- 
spectton devices may be used to supplement 
visual inspection If a vehicle is used for VIS- 
ual Inspection, the speed of the vehicle may 
not be more than 5 miles per hour when pass- 
ing over track crossmgs, hlghway crossings, 
or switches. 

(c) Each track Inspection must be made in 
accordance with the followrng schedule: 

.- 
class Of 

-__- 

track Type of Track Requrred frequency 
____~ 

i 

Week/y with at least 3 cal- 
endar days Interval between 

I 

Inspectrons, or before use, 
11 the track IS used less 

Maln track 

l, 2. 3 and 
sldtngs 

\ 

than once a week, or fwrce 
week/y with at least 1 cal- 
endar day interval between 
InspectIons, 11 the track car- 
ries passenger trains or 
more than 10 million gross 
tons of traffic durmg the 
precedmg calendar year 

1, 2, 3 Other than Monthly with at least 20 cal- 
main track endar days interval between 

and InspectIons. 

sdngs 

NAVFAC MO-103 
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Twrce weekly with at least 
1 calendar day Interval be- 
tween Inspections 

(d) If the person making the inspection 
finds a deviation from the requirements of 
this part, he shall Immediately initiate re- 
medial action. 

5 213.235 Switch and track crossing inspec- 

tions. 

(a) Except as provided In paragraph (b) of 
this section, each switch and track crossing 
must be inspected on foot at least monthly. 

(b) In the case of track that IS used less 
than once a month, each switch and track 
crossing must be inspected on foot before it 
IS used. 

5 213.237 Inspection of rail. 

(a) In addltlon to the track Inspections re- 
quired by $ 213.233, at least once a year a 
continuous search for Internal defects must 
be made of all jointed and welded rails in 
Classes 4 through 6 track, and Class 3 track 
over which passenger trains operate How- 
ever, in the case of a new rail, If before In- 
stallatlon or withln 6 months thereafter, It IS 

inductrvely or ultrasonically inspected over its 
entire length and all defects are removed, the 
next continuous search for Internal defects 
need not be made until three years after that 
inspection. 

(b) Inspection equipment must be capable 
of detecting defects between joint bars and 
in the area enclosed by joint bars. 

(c) Each defective rail must be marked with 
a highly visible marking on both sides of the 
web and base. 

5 213.239 Special inspections. 

In the event of fire, flood, severe storm, or 
other occurrence which might have damaged 
track structure, a special inspection must be 
made of the track involved as soon as possi- 
ble after the occurrence. 

J 213.241 Inspection records. 

(a) Each owner of track to which this part 
applies shall keep a record of each inspec- 
tion required to be performed on that track 
under this subpart. 

(b) Each record of an inspection under 
$52134, 213233 and 213235 shall be pre- 
pared on the day the inspection is made 
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and slgned by the person maklng the rn- 
spection. Records must specify the track 
Inspected, date of inspectlon, location and 
nature of any devlatlon from the requirements 
of this part, and the remedial action taken by 
the person making the inspection. The owner 
shall retain each record at its division head- 
quarters for at least one year after the inspec- 
tion covered by the record. 

(c) Rail insection records must specifly the 
date of inspection, the locaton, and nature 

of any Internal rail defects found, and the 
remedial action taken and the date thereof 
The owner shall retain a rail InspectIon rec- 
ord for at least two years after the InspectIon 
and for one year after remedial action IS 
taken. 

(d) Each owner required to keep inspection 
records under this section shall make those 
records available for inspection and copying 
by the Federal Rallroad Administrator. 

Degree of 
Curvature 
now 

Appendix A-MaxImum Allowable Operating Speeds For Curved Track 

Elevation of outer rall (Inches) 
-- 0 % 1 1 % 2 2 ’ 2 3 3 ‘1 4 4 ‘12 5 ~___ --- 

Maxtmum allowable ooeraltng spe&d~(mph) _-~~ ~~~~~~~~~ 
93 100 107 

0050' 
1000' 
1015 
1030 
1'45' 
2000 
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2'30' 
2*45 
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0 , 
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5000' 
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7000' 
8*00' 
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10*00 
11000’ 
1POO 19 20 

93 98 
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62 E 
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EZ 54 57 

48 51 
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:Bs ii 
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zl z: 
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E 2 

;: 79 72 
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Et 56 
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E 30 2a 
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76 
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62 
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50 
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46 
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41 
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36 
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31 

22: 
27 
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100 
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76 
71 
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56 
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50 
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43 

:F, 

it 
33 
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29 
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96 
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E :A 
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63 

2 
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2 t; 

z5 :86 
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APPENDIX B condltlons 

SCHEDULE OF CIVIL PENALTIES ?13.13 Measurmg track 
not under load 

Appendix 0 reflects a statement of policy 
bv the Federal Railroad Administration in 

Subpart B-Roadbed: 

making applicable to Part 213 a specific civil 
penalty for a violation of particular sections 
of this part. 
Subpart A-General: 

Huardouslll 
Viotation Vldation 
$1 ,000 s2m3 

s500 Sl,OOO 

213 33 Drainage 
213 37 Vegetation 
Subpart C-Track Geometry 
213.53 
213.55 
213.57 

213.59 

213.63 

Gage 
Almement 
Curves, elevation 

and speed 
llmltatrons 

Elevatron of 
curved track, 
runoff 

Track surface 

213.5 

213.7 

213.9 

213.11 

Responsibility of 
track owners 

Deslgnatlon of 
qualified persons 
to supervise 
certain renewal5 
and inspect track 

Classes of track: 
operatmg speed 
limits 

Restoration or 
renewal of 
track under 
traffic 

Sl,~O 

$1,000 

$2.000 

s1.000 

Subpart D-Track Structure: 

213.103 Ballast. general 
213.109 Crossties 
213.113 Defective rails 
213.115 Rail end mrsmatch 
213 121 Rail joints 
213 121a 

110 
99 101 
;03 86 9:: 

78 a0 
74 76 
70 7? 
66 68 
64 66 
84 63 

2; 56: 57 
52 54 
49 51 
47 40 
45 46 
43 45 
iz 43 

37 % 
35 36 

:; :i 

$500 $1.000 

Hazardous 
Violation Violation 

$500 t1,ooo 
$500 $1,000 

$750 $1,500 
$750 $1,500 
$750 $1,500 

$750 $1,500 

$750 $1,500 

$500 $1,000 
$750 $1,500 

$1.000 $2,500 
$500 $1,000 

$500 $1,000 
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C 213.121b 8500 $1,000 
213.121~ 81,000 $2,500 
213.121d %500 $1,000 
213.1210 $500 $1,000 
213.121f $500 $1,000 
213.121g $500 $1,000 
213 123 Tre plates $500 $1,000 
213.127 Track spokes $750 $1,500 
213 133 Turnouts and track 8500 $1,000 

crossmgs generally 
213 135 Swrtches $500 $1,000 
213 137 Frogs $500 $1,000 
213.139 Sprmg rarl frogs $750 $1,500 
213.141 Self-guarded frogs $500 $1,000 
213.143 Frog guard rarls $500 $1,000 

and guard faces; gage 

Subpart E-Track Appliance and Track-Related Devices: 
Hazardous 

Vidation Violation 
213 205 Derarls $500 $1,000 

Subpart F-Inspection 
213 233 Track rnspectrons 
213 235 Swatch and track 

crossmgs 
Inspections 

213 237 Inspectron of rail 
213 239 Specral inspections 
213 241 Inspection records 

Note (1) 

$500 $1,000 
$500 $1,000 

$750 $1,500 
$500 $1,000 
$750 $1,500 

For the purposes of this appendix, a hazardous 
vrolatron IS one rnvolvrng an rmmedrate hazard of 
death or mtury. or when an actual accrdent, death 
or Injury results from the vrolahon. The Admims- 
trator reserves the authorrty to assess the maxr- 
mum penalty of $2,509 for a vrolatron of any 
sechon or subsection contained in Part 213. 

APPENDIX C 

Defect 
Code 

4.01 

Description 

Excepted track segment not idenh- 
fled in appropriate record. 

Excepted track segment located with- 
in 30 feet of an adjacent track sub- 
ject to simultaneous operahon at 
speeds m excess of 10 mph. 

4.02 

4.03 

4.04 

4.05 

4.06 

Excepted Track not inspected in ac- 
cordance with 213.233 (c) as speci- 
fied for Class 1 track. 

Train speed exceeds 10 mph on ex- 
cepted track. 

Revenue passenger train operated on 
excepted track. 

Freight train operated on excepted 
track with more than five cars re- 
quired to be placarded in accord- 
ance with 49 CFR Part 172. 

4 07 

7 01 

7 02 

9.01 

9.02 

11.01 

33.01 

33.02 

33.03 

33.04 

33.05 

33.06 

33.07 

37.01 

37.02 

37.03 

37.04 

NAVFAC MO-103 
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Tram with a car requrred to be plac- 
carded in accordance with 49 CFR 
Part 172 operated over excepted 
track within 100 feet of a bridge or 
in a public street or highway. 

No written record of names of qual- 
ifred persons to supervise restora- 
tions and renewals of track under 
traffic and/or Inspect track for de- 
fects. 

Failure of track owner to provide 
written authorization to qualrfied des- 
rgnated mdrvrduals. 

Failure to restore other than ex- 
cepted track to compliance with 
Class 1 Standards withrn 30 days 
after a person designated under Sec- 
tion 213.7(a) has determmed that 
operations may safely continue over 
defect(s) not meeting Class 1 Stan- 
dard. 

Failure of track owners to enforce 
over Class 1 defects the limiting con- 
dmons imposed by person desrg- 
nated under 213.7(a) 

Proper qualified supervrsron not pro- 
vided at work site during work hours 
when track IS being restored or re- 
newed under traffic conditions. 

Drainage or water carrying facility 
not maintained. 

Drainage or water carrymg facility 
obstructed by debris. 

Drainage facility collapsed. 

Drainage or water carrying facility 
obstructed by vegetation. 

Drainage or water carrying facility 
obstructed by siltrng. 

Drainage facility deteriorated to al- 
low subgrade saturation 

Uncontrolled water undercutting 
track structure or enbankment. 

Combustible vegetation around track 
carrying timber structures. 

Vegetation obstructs visibilrty of rail- 
road srgns and fixed signals. 

Vegetation obstructs passing of day 
and night signals by railroad em- 
ployees. 

Vegetation interferes with railroad 
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37.05 

37.06 

37 07 

37 08 

37 09 

53 01 

53 02 

53 03 

53.04 

5501 

55 02 

57 01 

63.01 

63 02 

63.03 

63 04 

63 05 

63.06 

employees performing normal track- 
side duties. 

Vegetation prevents proper function- 
ing of slgnal and/or communrcation 
lines. 

Excessive vegetation at train order 
office, depot, InterlockIng plant, car- 
man’s bullding etc , prevents em- 
ployees on duty from v:sually In- 
specting moving equipment when 
their duties so require. 

Excessive vegetation at train meet- 
ing points prevents proper inspec- 
tion by railroad employees of moving 
equipment. 

Excessive vegetation in toepaths and 
around switches where employees 
are performing normal trackslde du- 
ties 

Vegetation brushing sides of rolling 
stock 

Gage dimension exceeds allowable 
for tangent track 

Gage dimension IS less than allow- 
able for tangent track. 

Gage dimension exceeds allowable 
for curved track. 

Gage dimension IS less than allow- 
able for curved track. 

The alignment of tangent track ex- 
ceeds the allowable deviation. 

The alignment of curved track ex- 
ceeds the allowable deviation 

Operating speed exceeds allowable. 
based on curvature and elevation. 

Runoff in any 31 feet of rail at end of 
raise exceeds allowable. 

Deviation from uniform profile on 
either rail exceeds allowable 

Devlatlon from designated elevation 
of spirals exceeds allowable. 

Variation in cross level on spirals in 
any 31 feet exceeds the allowable. 

Deviation from zero cross level at any 
point on tangent exceeds allowable. 

Deviation from designated elevation 
on curves between spirals exceeds 

63 07 

63.08 

103.01 

103 02 

109.01 

109.02 

109 03 

113.01 

113 02 

11303 

11304 

11305 

11306 

113.07 

113.08 

113.09 

11310 

113 11 

113.12 

113.13 

113 14 

115.01 

115.02 

121.01 

121.02 

121.03 

allowable. 

Difference In cross level between 
any two points less than 62 feet apart 
on tangents exceeds allowable. 

Difference in cross level between any 
two points less than 62 feet apart on 
curves between spirals exceeds al- 
lowable 

Insufficient ballast. 

Fouled ballast 

Fewer than mimmum allowable num- 
ber of non-defective ties per 39 feet 

No effective support ties wtthln the 
prescribed distance from a jomt. 

Crossties not effectively distributed 
to support a 39 foot segment of track 

Transverse fissure 

Compound fissure 

Horizontal split head 

Vertical split head 

Split web 

Piped rail 

Bolt hole crack 

Head web separation 

Broken base. 

Detail fracture. 

Engine burn fracture. 

Ordinary break. 

Broken or defective weld. 

Damaged rail 

Rail end mismatch 
exceeds allowable 

Rail end mismatch 

on tread of rail 

on gage side of 
rail exceeds allowable. 

Rail joint not of proper design or dl- 
mension 

Cracked or broken joint bar In Class 
3 through 6 track (other than center 
break). 

Cracked or broken (center break) 
joint bar 
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121.04 

121.05 

121.06 

12107 

121.08 
121.09 

121.10 

123.01 

127.01 

133.01 

133.02 

133.03 

133 04 

133.05 

133 06 

133.07 

133.08 

133.09 

133.10 

133 11 

133.12 

133.13 

133.14 

133 15 

Worn Jomt bar allows vertical move- 
ment of rail in joint In Class 3 through 
6 track. 

133.16 

133 17 

Less than two bolts per rail at each 
Jornt for conventlonal Jointed rarl In 
Class 2 through 6 track. 

Less than one bolt per rail at each 
Jomt for conventional jointed rail In 
Class 1 track. 

133.18 

133.19 

135.01 

Less than two bolts per rail at any 
joint in continuous welded ratI. 

Loose Jomt bars. 
Torch cut or burned bolt hole In 
Joint bar in Class 3 through 6 track 

Torch cut or burned bolt hole in rail 
in Class 3 through 6 track 

Insufficient tie plates in Class 3 
through 6 track 

135.02 

135 03 

135 04 

135 05 

lnsufficinet fasteners in a 39 foot 135 06 

track segment. 135.07 

Loose, worn or missing switch clips. 

Loose, worn or missing clip bolts 
(transit, side jaw, eccentric, vertical) 

Loose, worn or defective connecting 
rod 

135.08 

135 09 

135.10 

Loose, worn or defective connecting 
rod fastenings. 135.11 

Loose, worn or defective switch rod. 

Loose, worn or missing switch rod 
bolts. 

135.12 

Worn or missing cotter pins. 

Loose or mlssmg rigid rail braces. 

Loose or missing adJustable rail 
braces. 

‘137.01 

737.02 

137 03 
Missing switch, frog or guard rail 
plates 

139 01 
Loose or missing switch point stops 

Loose, worn or missing frog bolts. 

Loose, worn or missing guard rail 
bolts. 

139.02 

139 03 

Loose, worn or missing guard rail 
clamps, wedge, separator block or 
end block. 

ObstructIon between switch point and 
stock rail. 

139.04 

139 05 

139.06 

MAVFAC MO-103 
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ObstructIon In flangeway of frog. 

ObstructIon in flangeway of guard 
rail. 

Insufficient anchorage to restrain rail 
movement 

Flangeway less than 1 l/z inches wide 

Stock rail not securely seated in 
switch plates. 

Stock rail canted by overtlghtenmg 
rail braces. 

Improper fit between switch point 
and stock rail. 

Outer edge of wheel contactmg gage 
side of stock rail 

Excessive lateral or vertical move- 
ment of switch point. 

Heel of switch insecure. 

Insecure switch stand or switch ma- 
chine. 

Jnsecure connecting rod. 

Throw lever operable with switch lock 
or keeper in place. 

Switch positton indicator not clearly 
visible. 

Unusually chipped or worn switch 
point. 

Improper switch closure due to metal 
flow. 

Insufficient flangeway depth. 

Frog point chipped, broken or worn 
in excess of allowable. 

Tread portion of frog worn In excess 
of allowable. 

Outer edge of wheel contacting side 
of sprtng wing rail. 

Toe of wing rail not fully bolted and 
tight. 

Ties under toe or wing rail not solidly 
tamped. 

Bolt hole defect in frog. 

Head and web separation in frog. 

Insufficient tension in spring to hold 
wing rail against point rail. 
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139.07 

141 .Ol 

141.02 

143.01 

143.02 

205.01 

205.02 

205.04 

205 05 

205.06 

233 01 

233 02 

233 03 

233.04 

Excessive clearance between hold- 
down housing and horn. 

Raised guard worn excessively. 

Frog pornt reburlt before restoring 
guarding face. 

Guard check gage less than allow- 
able. 

Guard face gage exceeds allowable. 

Derail not clearly visible. 

Derail operable when locked. 

Improper size derail. 

Improperly installed derail 

Loose, worn or defective parts of de- 
rail. 

Track inspected by other than quali- 
fied designated individual. 

Track being Inspected at excessive 
speed. 

Failure to inspect at required fre- 
quency. 

Failure to initiate remedral action for 
deviations found. 

235.01 

235.02 

237.01 

237.02 

237.03 

239 01 

241 .Ol 

241.02 

241.03 

241.04 

241.05 

241.06 

Failure to inspect switches at re- 
quired frequency. 

Failure to inspect track crossings at 
required frequency. 

Failure to inspect rail for internal de- 
fects at required frequency. 

Failure of equipment to inspect rail 
at joints. 

Defective rail not marked properly. 

Failure to make special inspections 
when required. 

Failure to keep records asrequired. 

Failure of inspector to complete re- 
port at time of inspection. 

Failure of inspector to srgn report 

Failure of inspector to provide re- 
quired information. 

Failure of rail inspection record to 
provide required information. 

Failure to make record available for 
copying and inspection. 
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AF’PIWDIX H* 

GUIDELINES FOR CONDUCTING INVESTIGATIONS OF CRANE 
AND RAILROAD TRACKAGE 

FOLLOWING A DERAILMENT; ACCIDENT OR MISHAP 

H-l. INTRODUCTION. This appendix provides guidelines and information for 
examining trackage which may have caused a derailment or mishap. The data 
herein supplements but does not change or supercede safety/accident/mishap 
procedures, reports, regulations or policy. The intent of this guideline is 
to assist investigators in observing track conditions; therefore, information 
for investigation of railcars, engine, or crane is not included. 

H-1.1. PURPOSE. The purpose of this appendix is to prescribe procedures to 
be used in the investigation of the trackage portion of crane or railroad 
derailments or mishaps and to provide uniform and detailed standards for 
evaluation. 

H-1.2. OBJECTIVES. The objectives of inspection and investigation of crane 
or railroad trackage after an accident or mishap, safety violation, personal 
injury, property damage, derailment, or other incident related to trackage are: 

(1) To promote safe operations and to prevent derailments or injury. 
(2) To support and supplement required safety reports. 
(3) To identify factors and conditions leading to derailments and mishaps. 
(4) To make recommendations calculated to eliminate defects in trackage 

systems that cause derailments and mishaps. 
(5) To provide support for reconunended changes to existing guidelines or 

instructions. 

H-1.3. RESPONSIBILITY. Installations or activities are responsible for 
conducting investigations according to appropriate safety regulations. Use of 
the report formats shown herein is optional. The information in this appendix 
is intended to describe how to conduct investigations, and is not intended to 
generate any new and exhaustive report. In addition, following any 
investigation, activities should recommend to cognizant commands changes to 
checklists, guidelines, manuals, and/or instructions related to trackage. 
Investigation reports should be reviewed and summarized by activities or 
installations so that training requirements or repair projects can be 
justified. To be complete and reliable, railroad and crane mishap 
investigations should include inspection of trackage systems. This requires 
track inspection and maintenance expertise during the on-site investigation. 

H-l.4 DISCUSSION. This guideline follows a reporting outline used by the 
Federal Railroad Administration in the investigation of derailments. The 
short format, Figure H-l, is an example of the basic information that should 
be retained by activities or installations that maintain an accident/mishap 

*This appendix is informational only and is not a regulation or policy 
document. 
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INVESTIGATIOR OF TRACKAGE SYSTEM 

ZTeH FINDIUGS 

Date: January 2, 1981 

Activity: NSY, Everywhere, USA 

System: Ground Level Crane 

Event: 

Property Involved: 

Derailment 

SO-ton Portal Crane Number P-350. 
Wheels on number one truck, right side 

Estimated Cost: N.A. (minor) 

Location: Switch 22 on the south side DD2 

Speed: 

Track: Good Condition 

Operation: Tangent to Curve 

Weather: Clear, Warm 

Time: 12:OO noon 

Injuries: None 

Lost Time: 

Factors leading 
to the mishap: 

None 

Personal Error; Failure to Check Position 
of Switch 

Action: Personnel Training 

Investigator: Wm. Weighthandler, Code 007 

FIGURE H-l: SAMPLE INVESTIGATION RECORD FOR SIMPLE DERAILMENT OR 
HlSHAP INVOLVING TRACKAGE 

H-Z 
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file for their reference. This type of record may be useful in identifying 
reoccurring problems, justifying additional training, and improving 
reliability. The longer record format, paragraph H-3.3, was used to organize 
discussion and give examples of investigation findings. Accident/mishap 
investigators and maintenance personnel should be encouraged to read the 
analysis following each section to better understand the causes of accidents. 

H-l.5 RECORDS. Records outlined herein are basically for local use and as 
background for accidents reported in accordance with safety regulations. 
Records may vary in length depending on circumstances. The short record for 
minor derailments and easily identified mishaps is shown in Figure H-l. 
Completion of a record similar to the sample in Figure H-l contains the 
minimum information for a complete record of a mishap or simple derailment. 
Longer records for more detailed investigations may follow the format shown in 
paragraph H-3; however, the format has been used to organize the material 
presented in this guideline and is not intended as a report requirement. All 
the items discussed under each item for maximum investigation should be 
reviewed and understood by investigators. Only those items applying to a 
specific accident or derailment should be considered during investigations. 

H-2. MINIMJI4 INVESTIGATION. The majority of derailments or mishaps on 
low-use, DOD, industrial-type trackage are caused by improper switch position 
or by wide gage and are easily recognized. Findings for these types of 
derailments may be submitted by equipment operators, track inspectors or other 
field personnel in each of their respective areas. Supervisors or assigned 
investigators should make the final analysis and prepare reports as required 
by regulations. The basic information for a complete short record on simple 
derailments or mishaps with an easily identified cause is shown in figure 
H-l. If the assigned investigator is unfamiliar with trackage systems, the 
considerations for a detailed investigation described in section H-3 shall be 
reviewed before observations or reports are made. 

H-3. MAXIMUM INVESTIGATION. This section describes all items to be 
considered when conducting an investigation of crane or railroad trackage 
following a derailment or mishap. Details to serve as the structure or model 
for analyzing trackage systems and guidelines for preparation of written 
findings are provided. In addition, following each item to be examined there 
is a discussion on evaluating observations and some examples. 

H-3.1. GEUERAL . A practical method of investigating trackage requires the 
isolation and evaluation of all findings which can be arranged in categories 
according to a time-and-event sequence. The required separation can be 
accomplished by using topical headings listed in paragraph H-3.3. in a 
narrative report. Listed under each of these broad categories are several 
factual statements that readily lend themselves to evaluation, independent of 
all other statements or findings. A complete analysis satisfies the questions 
of WHO? WHERE? WHER? WHAT? so that the question of ultimate 
consequence---WHY?---can be answered. 
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H-3.2. OBSERVATIONS. Document on-site evidence and circumstances as soon as 
possible before cleanup operations disturb evidence. Findings should include 
information which may be redundant to basic investigation requirements and 
data which may be reported by other disciplines. Although some of the factors 
listed below are not part of the track system; per se, they are directly 
related and should be recorded in the trackage portion of an investigation. 
The data listed below should be used as a checklist or reminder and may be 
included with records and reports if required. The location of derailed 
equipment should be documented by sketching and photographing relative 
position of equipment, cars and derailed wheels. In addition, record as much 
of the following data as possible. 

1. Date, time and location of observation. 
2. Date, time and weather when the mishap occured. 
3. Track identification. 
4. Type of engine(s) or crane(s) and identifying number(s). 
5. Condition of the materials, if any. 
6. Position of derailed and non-derailed equipment. 
7. Identification and direction of trains or cranes involved. 
8. Casualties and injuries. 
9. Crewmembers, possible witnesses, and other investigators. 
10. Probable factors leading to the mishap. 
11. Assessment of damages. 
12. Method of operation in the mishap area. 
13. Kind of couplers. 
14 * Rail burns or braking marks (stopping of cars or engines). 
15. The point of derailment. 
16. Location of marks on rail(s) and ties. This information may be 

documented with photographs and/or marked on sketch, track charts, or plan. 
17. Position of switches. 
18. Condition and direction of switch indicators. 
19. Criteria for investigation of (1) rail rollover, (2) rockoff 

derailment. 
20. Integrity of locomotive logging device, if used, and contents of 1 4 

if pertinent to derailment or mishap. 
21. Condition of wheels - broken, sharp flanges, loose, etc. 
22. Condition of rails - new or old breaks, wear, flow, batter, and other 

defects or damage 
23. Condition of spikes - bent back, heads broken off, lifted, under 

rail, missing, etc. 
24. Condition of turnouts - frogs, switch points, heel blocks, guard 

rails, adjustable rail braces, connecting rods, clips, etc. 

H-3.3. ORGANIZATION. A record of findings based on track observations may be 
organized into topical headings such as those outlined below. Other topical 
headings may be required, predicated on their relevance to the accident. If 
no information is provided in some areas to factually support the 
investigation, these sections should be omitted. Addenda to the investigation 
records should include, but are not limited to, results of engineering 
evaluations, special studies, and other tests. 
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I. 
II. 

III. 
IV. 
V. 
VI. 
VII. 

VIII. 
IX. 
X. 

SUMMARY 
LOCATION AND METHOD OF OPERATION 

A. TRACK 
B. TIME MID WEATHER 
C. AUTHORIZED EQUIPBERT SPEED 
D. ACTIVITY OPERATING REGULATIONS 
E. VEHICLE REGULATIONS AND LAWS 
F. SIGHT DISTANCES 
G. OTHER CONDITIONS 

CIRCUMSTANCES PRIOR TO DERAILMENT OR MISHAP 
THE DERAILI4EBT OR MSHAP 
DAMAGES 
CASUALTIES 
POST MISHAP EKAHINATIOIS AND TESTS 

A. EQUIPt4EUT INVESTIGATIONS 
B. CONDITION SURVEY 
C. ENGINEERIblG EVALUATIONS 
D. SPECIAL STUDIES 
E. RAILMARKS 

ANALYSIS 
ACTION 
ENCLOSURES 

A. SKETCH, TRACK CHART OR ANNOTATED PORTION OF THE ACTIVITIES 
PLAU 

B. LIST OF PERSONNEL 
C. PICTURES 
D. SURVEY 
E. REFERENCES/SOURCE DOCUMENTS 

H-3.4. FINDIUGS. ANALYSIS AND EKAHPLES. The following is a discussion on 
each item outlined in Section H-3.3 above. The paragraphs are numbered as 
indicated in the outline. Investigations should only include pertinent 
information in their records. Although the following is in a reporting 
format, it is intended to present information and background and not 
requirements for a specific formal report. However, examples of statements 
shown may be used in reporting findings of fact, when appropriate. 
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I. SUMMARY 

The typical summary shown in Figure H-2 contains a suxmnary of basic 
information for longer investigations. Additional details or explanation 
should be maintained by the inspectors for background and future reference, if 
required. 

SUMMARY OF TRACKAGE INVESTIGATION 

DATE: 
ACTIVITY: 
SYSTEM: 
EVENT: 
PROPERTY INVOLVED: 
ESTIMATED COST: 
LOCATION: 
SPEED: 
TRACK: 
OPERATION: 
WEATHER: 
TIME: 
INJURIES: 
LOST TIME: 
FACTORS LEADING 
TO THE MISHAP: 
ACTION: 
INVESTIGATOR: 

January 2, 1981 
NSC, Anyplace, USA 
Railroad 
Derailment 
Two Boxcars 
$1.234.00 
Mile Post 10.6 
25 mph 
Poor-Bad Ties, Special Purpose 
20° Curve Right-2 inch superelevation 
Light Rain 
1615 
None 
None 
Loose Spikes, Wide Gage, and 
Defective Ties 
Replace ties and Correct gage 
Willie Waterfront, ECD 

FIGURE H-2: SAMPLE SUMMARY FOR TRACKAGE INVESTIGATION RECORD 
FOLLOWING A DERAILMENT OR MISHAP 

II. LOCATION AND METHOD OF OPERATION 

All statements in this section should be factual. Statements under this 
heading should describe the following: 

1. Trackage involved. For purposes of analysis, did the section of 
trackage system involved meet the requirements for track standards, 
track geometry, speed, and other elements that control operations? 

2. Hethod of Operation. Were restrictions, if any, issued correctly? 
Clearly understood by all concerned? Were signal systems or other 
protection requirements adequate? 

3, Site of the Mishap. The site should be described and a sketch, 
track chart and/or annotated copy of the activity or installation 
plan prepared. Copies of plans and pictures should be included in 
the records. 

H-6 



NAVFAC MO-103 
Change 1, October 1985 

Examples of information to be included under site: 

a. The derailment occurred on the section of trackage on a branch 
line to Building Number 1, between switches S-22 and S-24 and 
involved a distance of feet, as indicated on attached 
activity plan. 

b. Engine number 1 and activity test car were being used for an 
operational load test investigation of the main line. Attach 
or describe train orders; dispatcher's record; train sheet; or 
other work order. 

C. Signal Systems or no signal system is in use. 
Documentation: If any type of signals including traffic 
control signals are involved in cause relationship, 
provide print with explanation of circuit arrangement of 
signals and/or appliances involved, with statements on how the 
system should have functioned and why it did not function. 

d. The derailment occurred on the main track 120 feet east of 
engineering station 28 + 82 at a point on a 20° curve to the 
right. This statement should be supported with photography if 
possible. The print should indicate the point of the derailment 
and include stationing. 

(4) Other Information. Conditions or circumstances may require 
additional information under this heading, such as location of crossovers, 
yard-limit signs, parallel tracks, boom position and reach, and other unique 
operations. From information gathered under the heading "Location and Method 
of Operation", determine what the conditions in the vicinity of the mishap 
should have been expected according to record information, inspections, 
regulations, repair orders, surveys, design and other data. Pertinent 
information would include gage, tie condition and spacing, track and structure 
condition, curvature, profile, allowable speed, etc. Enumerate in a 
corresponding fashion all the conditions as they were found. As deviations 
from a known normal condition are found, you can make assumptions that suggest 
further investigation or identification of causal factors. 

A. TRACK 

Identify the activity, vicinity and location; then begin the narrative 
from the direction of approach to the accident site. 

Example: From the east there are in succession a tangent 120 feet in 
length, a 200 curve to the right for 90 feet, to the 
point of derailment and 60 feet beyond. In the derailment 
area the grade is practically level. 

The description should encompass a sufficient distance to describe the 
general character of curves, grades, and any factor useful in evaluating 
sight distance and stopping distance. 
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Tonnage of train, locomotive(s) and cars, topographical and other 
controlling features are important in sight and stopping distances, and 
of equal importance in the equipment handling aspects of speed, and the 
application and release of brakes. 

Documentation should include: 

1. Track description with plat of activity plan. 

2. Equipment handling aspects based on statements from witness, 
operators, riggers, and witness. 

3. Records of latest inspections. 

B. TIME AND WEATHER 

Statements under this heading should include possible or probable 
affects of existing conditions. 

1. m: The mishap occurred at (time) 1615, (date) Jan 2, 1981. The 
crew was scheduled to be off duty at (time) 1630. In addition, work 
hours and inquiries into length of duty, are necessary to determine 
fatigue and support human factors investigations. 

2. Weather: Clear, rain, snow, other. Temperature should be reported 
if it is a factor, such as high temperature's causing sun-kinked 
rail, or low temperature's affecting brake gradient or causing ice 
to block flangeways. Extreme temperatures, visibility and 
perception are weather factors. For example: Rain, snow, or 
sunshine could create obstacles or give signals distorting display 
deplhs. 

C. AUTHORIZED EQUIPMENT SPEED 

In many investigations only one statement is required under this heading: 

"The maximum authorized speed in the derailment area is mph." 

Where the maximum authorized speed has been restricted, affecting 
equipment involved, a statement of that restriction will be included. 
The analysis of speed should be related to FRA Track Safety Standards 
and classification of track based on defects identified (Appendix B, 
page B-4, Section 213.9. 

An objective investigation is required to determine the casual factors 
when excessive speed is evidenced. Some of the factors to investigate 
which contribute to excessive speed are the operator's lack of 
familiarity with equipment, lack of qualification, attention diverted 
because of a defective component, prior indifference to regulations, 
quitting time, unqualified employees operating equipment, and 
insufficient or ineffective brakes. Note if operator and witness 
statements are inconsistent when speeds are estimated. 
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D. ACTIVITY OPERATING REGULATIONS 

Activity regulations and carrier rules when appropriate shall be 
identified and referenced in the report. The following format is 
recommended: 

Speed-Movement should have been at a speed that would permit stopping 
within one-half the range of vision and in no case exceeding the speed 
established by the activity. 

Restricted Speed - Speed shall not exceed miles per hour 

Normal Speed - The maximum speed shall not exceed per hour. 

Cosunanding Officers should analyze activity regulations from the 
perspective of the fundamental intent of rules and based on 
recommendations of the investigator. Regulations are designed to 
predict acceptable behavior or response of an individual with or without 
supervision. What speed is safe? If a definition is indicated, is it 
clear, explicit, and sharply outlined? What is controlling speed, i.e. 
curvature, poor condition of track, pedestrian traffic, etc. Is the 
regulation practical? Have operators been questioned on their 
understanding of the regulations involved? 

E. VEHICLE REGULATIONS AND LAWS 

If a mishap involves a non railroad vehicle, State and activity motor 
vehicle laws or regulations should be described when applicable. This 
heading is generally used in rail-highway-grade-crossing accidents but 
it may also be used for industrial traffic crossing railroad or crane 
trackage. The following is a sample statement. 

Section 274 of Indiana State Law provides that when an approaching 
train is plainly visible and is in hazardous proximity to a rail-highway 
grade crossing, a person driving a motor vehicle approaching the 
crossing must stop the vehicle within fifty feet but not less that ten 
feet from the nearest rail at the crossing and must not proceed until he 
can do so safely. 

Generally, State laws require that passenger-carrying buses, and trucks 
carrying hazardous materials, must stop at all rail-highway-grade 
crossings. Laws requiring special operating licenses or exceptions 
would be included under this heading, along with any municipal 
ordinances having a bearing on accidents. Copies of the laws or 
ordinances should be included in documentation under seperate addendum. 

Requirements and tests for special purpose service or hazardous 
materials should be specified when trackage is involved. 
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F. SIGHT DISTANCES 

Whatever obstructs a clear view of track, signals, or a standing train 
is to be measured from similar equipment, at the same time of day, and 
when possible, under the same weather conditions. Photographs should be 
taken when possible if sight distance is a factor in the investigation. 
The measurement of sight distance is critical when sight and stopping 
distances are interrelated with train speed and crew reaction time. 

The following is an example of the reporting sight distance: 

Because of track curvature and structures along the south side of the 
tracks, the maximum range of vision between a locomotive standing at a 
point twenty feet prior to the collision point and the crossing traffic 
is restricted to 60 feet. 

G. OTHER CONDITIONS 

Other conditions might include such items as restricted clearance, 
requirements for lay down space, standard hand signals, inoperative 
mechanical/electrical signals, foreign objects on trackage, and/or 
inadequate safety regulations. 

III. CIRCUMSTANCES PRIOR TO DERAILMENT OR MISHAP 

Where two or more pieces of operating equipment are involved, use 
subheadings. Report the activities of each under separate headings. 

Include the following information: 

1. Type and direction of operation(s). 
2. Enroute factors having a bearing on the mishap. For example: 

delays; changes in operation; communications affecting movement. 
3, Time of arrival at point of derailment. 
4, Location of all operators and riggers just before the mishap. 
5, Position of the locomotive (front or rear end facing cars - pushing 

or pulling). 
6. Position of crane boom and the type, size, and weight of load. 
7, Personnel repsonsible for insuring switches or turntable frogs are in 

the proper position. 
8. Inspection, maintenance records for track, equipment, support 

structures, etc. 
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IV. THE DERAILMENT OR MISHAP 

This section is a continuation of the narrative of the circumstances 
prior to the derailment or mishap. The following information is appropriate: 

1. Separate information on each piece of equipment. 
2. Statements of crewmembers relating to the sequence of events just 

prior to the mishap and the actions that were taken. 
3. Other witnesses* statements. 
4. Condition of track; i.e., muddy roadbed, deteriorated ties, 

alignment deviation from uniformity, irregular surface, etc. 

V. DAMAGES 

List property involved; i.e., type of car(s), crane or locomotive, out 
of service track system or component, or other damage. In the damages 
portion, describe the position of crane or locomotives and cars; whether 
derailed or not; their proximity to the track structure or point of derailment. 

Under Cost of Damages itemize the estimated monetary damage to 
equipment, cargo or load, other vehicles, etc.; for delays in shipping or 
operations; and for repairs, including cost of labor. Mishap costs should 
agree with those submitted in Safety Reports. 

VI. CASUALTIES 

Briefly describe the personal injuries and indicate if a lost time 
accident or death is involved. Report the number of days lost when known. 

Example: The operator and a track worker were slightly injured; they 
sustained abrasions and lacerations on the arms and legs. 
This was not a lost time accident. 

VII. POST MISHAP EXAMINATIONS AND TESTS 

Following any derailment or mishap; detailed observations, 
investigations, tests and assessments shall be conducted as required. 

A. EOUIPMENT INVESTIGATIONS 

Review reports on, or request an investigation of, the condition of 
the crane, locomotive, and/or cars involved. 

1. Positions of the controls in the cab; throttle, brakes, et: 

2. Indications of lubrication and wear on pivots, pins, 
trucks, etc. 

3. Frozen float restricting crane wheel or truck movement. 
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4. Free movement (vertical and lateral motion, and about angular 
rotation vertical and horizontal axis) each set of axle and 
wheels, side frames, truck bolster, center plate, etc. 

5. Broken body center plates. 

6. Evidence of springs going solid or broken springs. 

7. Side bearing damage or excessive side bearing clearance. 

8. Shifted load. 

9. Level, broken, out of round or worn wheels (tread, rim, flanges, 
back to back mounting distance). 

B. CONDITION SURVEY 

Conduct a survey of the trackage in the vicinity of the derailment or 
mishap and record items listed Section H-3.2 "Observations". In 
addition, obtain the data necessary to prepare enclosures A and D 
described in Section X, "Enclosures". The survey should document the 
overall trackage condition including both isolated items which exceed 
track safety standards and minor defects, none of which individually 
exceeds the standards but which could result in an unsafe condition when 
combined with other conditions. 

C. ENGINEERING EVALUATIONS 

Request instrument surveys, structure stress test, engineering 
evaluations, operational (load test) observations, non-destructive test, 
or other examinations as needed. 

D. SPECIAL STUDIES 

Request lateral and vertical (L/V) force components study or dynamic 
study of interaction of wheel and rail, or other RDTCE studies when 
unique circumstances or undetermined causal factors are involved. 

E. RAILHARXS 

Proper interpretation of marks on rails aids in identifying the point of 
derailment. In most cases, the point of derailment (POD) can be 
determined by locating marks on the ball of the rail or other track 
structure components, or both. In addition, individual marks and mark 
patterns may be found on the rail and track structure preceding the 
POD. Probable causal factors and interpretation of the various marks 
commonly found on the track structure at the POD are discussed below. 
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1. Short marks perpendicular to the railhead or ball of rail. 

Interpretation: These marks are usually created by a flange of 
the wheel as it is forced off the rail. The shortness of the mark 
is an indication that the forces causing the car to derail were 
severe enough to suddenly force the wheel over the rail. Within a 
short distance following the mark, evidence will usually be found 
indicating the spot where the car wheel(s) contacted the ground. 
This evidence would include disturbed ballast; marked ties, tie 
plates, rail anchors, and joint bar; and marks on grade crossings. 

Factors that may have contributed to derailments of this nature 
include: 

a. Sudden load shift. 
b. Improperly loaded car. 
C. Excessive speed around curves. 

d. Harmonic rocking initiated by low joints or crosslevel 
irregularity. 

e. Slack action induced by a possible train handling error 
f. Broken wheels. 
g* Component failure. 

It should be noted that these factors can work in combination with 
one another. 

2. Long marks on the railhead or ball of rail. 

Interpretation: When marks of this nature are found, it denotes 
that the derailing forces were powerful enough to overcome the 
normal tracking ability of the car, yet not sufficient to cause a 
sudden derailment. In this situation, the flange climbs the rail, 
rides the ball, then usually slips off the field side of the 
ball. Flange marks up to 40 feet in length are not uncommon in 
these cases. Where the car contacted the ground will be indicated 
by the distrubance of ballast and/or the track base structure. 

Contributing factors for such derailments include: 

a. 
b. 
C. 

d. 
e. 
f. 

it: . 
1. 

Irregularities in cross level. 
Irregularities in track alignment. 
Wide gage (track and/or wheels). 
Improper train handling. 
Excessive or free lateral in trucks. 
Shifted loads. 
Loss of truck spring. 
Slack action. 
Binding of truck or slue action. 
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3. Marks occuring at regular intervals on one rail. 

Interpretation: Such marks are usually caused by a broken wheel. 
With each revolution of the wheel, the sharp edge of the break 
nicks the rail. The nick marks can appear on the top or side of 
the railhead. 

Contributing factors may include: 

a. Top abrasion. 
Sticking brakes 
Flat wheel 
Powered wheel slip caused by locomotives 
Frozen powered or idler wheel on locomotive 

b. Side abrasion. 
Frozen truck 
Tight gage 
Sharp curvature 

4. Marks on turnouts. 

Interpretation: If a turnout is involved in a derailment, marks 
will usually be found in the area of the switch point, frog and/or 
guard rail. The immediate question that arises is whether defects 
in the turnout or mechanical and transportation factors 
contributed to or caused the accident. Thorough inspections of 
the car and turnout are required. Particular attention should be 
given to the truck, wheels and flanges of the car; and the switch 
point, guard rail gage, flange ways and frog point of the turnout. 

The possibility of combined factors that should be considered 
include: (1) a sharp flange and a worn switch point; (2) harmonic 
rock and a worn or battered frog; or (3) train movement through a 
previously run through switch. 

5. Wheel marks, grinding, peeling, or slivers on the gage side of 
rail heads. 

Interpretation: Indications on top of railhead are usually caused 
by a wheel that is not gripping the rail on which it is riding. 
Indications of metal removal on the gage side of a rail indicate 
excessive force against the rail. 

The major factors to be considered in this situation are loose 
wheels; wide gage of wheels; wide or tight track gage; sharp 
radius curves; and slipping, sliding, or spinning of wheels. 
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6, No marks on rail - disturbed track base. 

Interpretation: This situation usually indicates a "lift off". 
Two major causes of "lift off" are high buff force action, and 
"harmonic roll." 

a. Lift Off. Squeeze action "lift off" occurs when a car is 
squeezed between preceding and following cars with sufficient 
vertical or horizontal force for wheels to climb the rail. 
String-line action is the opposite case and occurs when a car or 
cars exposed to critical draft forces on other than level, tangent 
track results in lift-off. One or more of the following factors 
could be involved. 

(1) Action of long wheel base cars on curves. 
(2) Slack action. 
(3) Reaction to train braking. 
(4) Light and/or long cars. 
(5) Steep ascending or descending grades. 
(6) Crane rails out of cross-level or inadequate float of crane 

wheels. 

b. Harmonic Roll. Harmonic rocking occurs when rail joint 
spacing closely approximates truck centers of a vehicle at a speed 
which synchronizes with the natural roll frequency of the 
equipment. As a general guide, car roll might be experienced by 
50 and 60-foot loaded cars traveling at speeds of approximately 15 
to 20 mph over jointed rail; however, this condition should not be 
assumed. As a rule, a curve, faulty switch, or train action may 
also be involved. If harmonic rock and roll is suspected in a 
derailment, the following items should be investigated: 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

Critical speed - generally 12 mph to 25 mph. 
Low joints - causing irregular cross level. 
Truck centers - 33 feet to 47 feet, or over 70 feet. 
Number of consecutive low joints. 
Length of rail. 
Center of gravity - 84 inches and over. 
Faulty or missing snubbers. 
Side bearing clearance. 

7. Wscellaneous and unexplained marks. One or both rails and base 
structure. 

Interpretation: It is not unusual to find marks on the rail 
structure that do not appear to fit the developing theories or 
circumstances. There are a number of possible reasons for these 
marks - each of which should have a major impact on the 
investigation findings. Some of the possibilities are: 
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a. Vandalism. 
b. Dragging equipment. 
C. Harks made by prior trains or maintenance of way work 

equipment. 
d. Unintentional outside interference (for example, construction 

equipment, non-railroad-related and working in the vicinity of 
the track, accidentally striking the track structure). 

VIII. ANALYSIS 

Analysis is a conclusive function of derailment or mishap 
investigation. Without a step-by-step analysis of events, any investigation 
is a useless exercise. All possible causal factors should be described. 
Include the following as appropriate: 

1. Precautionary measures taken by the operator or other personnel. 

2. Reported difficulty with maintenance of track surface. 

3. The apparent speed based on witness statements and from damages 
sustained. 

4. Probable factors leading to the mishap; i.e., open switch, loose 
switch, car wheel picked switch point, worn frog, wide gage. What 
failures contributed to the derailment or mishap directly and 
indirectly, and how did these failures interact with each other? 

(a) Human factors, if any. 

(b) Applicable rules, regulations or practices. 

(c) Do instructions or guidelines provide adequate constraints 
against the occurence of a derailment or mishap? 

(d) Was the equipment involved defective? 

(e) Was design unsuited or unsafe within acceptable operating 
tolerances? 

Example one: 

Considering the early morning hour involved and the fact that the 
train neared the collision point while moving under power at 
excessive speed and without applying brakes, it may reasonably be 
presumed that the train failed to stop to throw switch number S-20 as 
required, because of the engineer's having fallen asleep at the 
locomotive controls. Because the brakeman took no action to avert 
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the mishap, it appears that he too had fallen asleep in the cab at 
some time before his train approached the switch. The fact that the 
engineer was asleep is supported by statements he made to the 
Maintenance Control Director in the moments of stress shortly after 
the mishap. The position of the switch indicator showed red and the 
train should have stopped. The switch was properly locked open and 
was easily operable; therefore, Public Works Maintenance and track 
conditions did not contribute to the mishap. 

Example Two: 

Locomotive, DODX car, and caboose were traveling North at 
approximately 5 mph. The DODX car has six-wheel trucks. The first 
right hand wheel of the first truck derailed and the first two right 
hand wheels of the trailing truck derailed. A weighted test car was 
run over the derailment area prior to moving the DODX car and no 
deficiencies were recorded. The extreme weights of the test car and 
the DODX car, combined with the dynamics of six-wheel trucks may have 
been contributing factors to the derailment. It appears that an 
improperly installed full toe angle bar acted as a wedge to force the 
wheels to open the gage of the track. (See sample sketch at the end 
of this appendix). 

IX. ACTION 

List lessons learned, corrective action(s) and/or remarks resulting from 
the Mishap/Derailment Investigation. Provide recommendations to prevent or 
inhibit the reocurrence of similar derailments or mishaps, suggestions for 
activity improvement, and cautions or solutions that should be considered for 
distribution to all activities or installations. 

X. ENCLOSURES 

A. Sketch. A sketch, track chart, or annotated portion of the 
activities' plan should be included with all reports. See Figure H-3 
for sample sketch. The plan or sketch which does not have to be to 
scale should contain, but is not limited to, the following: 

1. Reference all measurements from point of derailment or mishap. 

2. Indicate north. 

3. Indicate point of derailment or location of mishap. 

4. Point of each switch if involved. 

5. Each signal if involved. 
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6. Beginning and end of each curve; degree, and spiral or tangent if 
involved. 

7. Location of adjacent landmarks. 

8. Point where front of the equipment stopped. 

9. All important objects, structures, controlling features, etc., in 
vicinity of the mishap or derailment. 

lO.Location of flange marks, etc., on track structure. 

B. List of Personnel. Name all personnel involved in the mishap or 
derailment including: witnesses, people contacted, investigators and 
responsible individuals. Include working title and telephone. 

C. Pictures. Photographs showing the site, point of derailment, 
visibility, damage, field side and gage side of rails, equipment 
involved, etc. should be taken as soon after a mishap as possible. 

D. Survey. Record the results of the trackage survey when it is 
suspected that track structure and/or track geometry is involved. 
The following checklist is a guideline to determine the condition of 
trackage. The list presents an array of factors that should be 
considered and to a particular application situation determined. The 
track/structure should be inspected in the area and at least two 
train or crane lengths to the rear of the incident, identifying the 
deviations from the class of track in the area. 

1. Point of derailment. See Section VII, E for explanation of marks 
to look for. 

2. Track Identification, i.e. Portal Crane Rail between switch 
numbers 520 and S21, South side drydock 2. 

3. Rail. When rail failure is suspected, background information 
should be developed on weight of rail, section, length, brand, 
date rolled, new rail or relaid rail, year placed in track at that 
location, temperature at which rail laid if CUR, heat number and 
whether controlled-cooled. Records should be checked to determine 
if rail has exhibited a high incidence of failure. The inspector 
should note physical evidence and make rail failure report if 
applicable including, but not limited to, the following: 
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f. 
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Wear including gage corner and top wear. 
Rail End Batter. 
Flattened Head. 
Corrosion pitting or nicks on rail base. 
Impact damage to anchors. 
Fractures. 
Any evidence of rail moving (shiny spots on rail base from 
spikes or anchors). 

UOTE: When a broken rail is found, broken end(s) should be 
inspected for batter and rust. Batter, indicating prior wheel 
passage, could be evidence that the rail break contributed to the 
derailment--rather than that the rail was broken as a result of 
the derailment. Rust over the entire break would indicate an old 
break. 

4. Track Fastenings. Inspection for possible track fastening failure 
should include: 

a. Joint bars. Loose, cracked or broken joint bars should be 
noted, together with number of holes, length elongation of holes, 
any missing bolts, nuts and washers, type of joints (insulated, 
regular, compromise), and condition. 

b. Spikes. Number per plate (plate holding or rail holding), 
size, and condition should be recorded, and whether spikes are 
tight, loose (can be removed by hand), missing (spike hole in 
tie), or evidience of high spikes (note that spikes are not tight 
to the rail and should normally be l/8 to 3/8 inch above the base 
of the rail). 

c. Anchors. The condition, type and application pattern should 
be noted. Any scrape marks on rail base indicating anchor slip 
should be noted. 

d. Joint location. Rail end mismatch on gage side or tread of 
rail and low joints should be noted. 

e. Tie plates. Type, ie. single or double shoulder, size, 
condition, number of spike holes and any evidence of plate moving 
or tipping on ties. 

f. Other accessories. Gauge rods, lubricators, etc. 
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5. Track structure. Investigation of track structure should include: 

a. Ties. Tie condition should be noted, together with any 
eviden,ce of plate lateral movement. Location and relative 
position of defective ties as prescribed in FRA track safety 
standards, paragraph 213.109 of Appendix 8, should be documented 
along with size, spacing, skew and evidence of ties shifting in 
ballast. 

b. Ballast. Type (pit run, gravel, etc.), condition and depth 
from bottom of tie to subgrade should be recorded. Drainage and 
section in cribs and at the tie ends should be evaluated. Soft 
spots and mud should be recorded. 

C. Subgrade. Stability should be noted including history or 
evidence of washouts, culvert failure, signs of recent track work, 
etc. 

6. Turnout. If a turnout is involved in the derailment or mishap; 
the number, weight (rail section), condition, and whether powered, 
hand thrown, electric lock or run through stand should be 
recorded. Components should be investigated as follows: 

a. Switch Point. Blunt, chipped or worn switch points should be 
investigated. Points out of adjustment should be noted along with 
weight, type, number, any ice or snow. 

b. Guard rails. Loose, or improperly located guard rails should 
be checked. Gage and back to back distance should be checked 
against FRA Track Safety Standards paragraph 213.143 and 
deficiencies noted. 

C. Flangeway. Restrictions in frog or between rail and guard 
rail should be noted. 

d. Track Gage. Track gage throughout the turnout should be 
checked, particularly in the switch point and heel area. 

e. Self-guarding frog. Clearances should be checked, together 
with possible flange obstructions. 

f. Switch stand. Loose switch stands and improper fitted ties 
and/or latch should be recorded. 

g* Frog. Condition of point should be checked and type, weight 
and number recorded. Observe and record evidence of wheel flanges 
touching point and improper guard check gage. 
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h. Other turnout components. The condition of rail braces, joint 
fastenings, bolts, connecting rods, ties, fillers and rods should 
be investigated. 

7. Track Geometry. When defects in track geometry are suspected, 
background information should be developed on track alignment, 
surface and gage. If a curve is involved, the degree, elevation 
of outer rail and spiral should be recorded. If the track is in a 
cut or on a fill, it should be noted. Measurements should be made 
10 rail lengths to the rear of the point of derailment at 15 l/2 
foot stations or at joints and centers of rails. The following 
specific track characteristics should be investigated. 

a. Line - Curved or tangent alignment. (Include degree, 
superelevation, and authorized speed). 
b. Gage. 
C. Surface. 
d. Super Elevation or Cross Level including rate of change. 
e. Rate of Change of Super Elevation in Spirals. 
f. Twist or Warp. 
g. Vertical Profile and Gradient (ascending or descending) 

Note 1. Mid-ordinate of a 62ft. chord should be measured to 
closest l/16 inch. 

Note 2. Designate one rail as reference or line rail, state which 
in remarks column, and measure plus or minus variation of other 
rail to closest l/8 inch. Use outer rail on curves and straight 
stock rail in turnouts. 

Note 3. All cross level and profile measurements should take Into 
consideration any deflection under load. 

Note 4. If wide gage is suspected, spike condition and plate 
action on the tie surface should be investigated for evidence of 
gage widening and return to normal. The tread of the rail should 
be checked for a streak indicating contact with outer edge of 
wheel tread. 

E. References/Source Documents 

List all references, instructions, and other documents used to 
support investigation conclusions, including, but not limited to: 

1. Last track inspection: methods, results, and by whom. 
2. Last track work and type of service. 
3. Last switch inspection, and recorded deficiencies. 
4. Previous derailment history at this location. 
5. Last rail flaw detector test and pertinent findings. 
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This manual prescribes the criteria and procedures for inspection, mainte- 
nance, and reparr of waterfront facrlities at military mstallations. It establishes 
maintenance standards for and provrdes guidance for the selectlon, use, and 
installatron of standard materials and equipment that ~111 perform satisfactorily. 

The use of the systems and procedures described In this publicatron, by 
personnel who have the responsibility for specifications, reqursitions, procure- 
ment, inspection, storage, issue, application, and safety, should assure uniform, 
economical, and satrsfactory maintenance and repair. When information m this 
publication varies from that contained in the latest issue of Federal or Military 
Specrfications, theke) Specification(s) shall apply. Reference to Federal, Military, 
or other Specrfications is to the current issues of these specifications as identlfled 
by their basic number(s). In case of doubt, advice concermng any procedure may 
be obtained from: 

(1) Department of the Army - Offlce of the Chref of Engineers DAEN-FEB 

(2) Department of the Navy - Naval Facilities Engineering Command (1013) 
or its geographic Engineering Field Drvision (102) 

(3) Department of the Air Force - Directorate of Engineering and Servxes 
AF/PRE 

Recommendations or suggestions for modification, or addrtlonal information 
and instructions that will improve the publication and motivate its use, are invrted 
and should be submitted through appropriate channels to the addresses listed 
above. 

This publication supersedes Army TM-5-622 of 13 June 1946 and NAVDOCKS 
MO-104 of July 1963. It IS certified that it has been reviewed and approved for 
official use in the Navy in accordance with Secretary of the Navy InstructIon 
5600.16. 
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Chief of Staff 

Official: 
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The Adjutant General 
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Rear Admiral, CEC, US Navy,Commander 

Naval Facilities Engineering Command 

DAVID C. JONES, General, USAF 
Chief of Staff 

Official 
JAMES J. SHEPARD, Colonel, USAF 
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Chapter 1. 

INTRODUCTION 

Section 1. GENERAL 

l-l. Purpose 
This manual prescribes the policy, criteria, and proce- 
dures for inspecting, maintaining, and repairing 
trackage at military installations. It establishes main- 
tenance standards for railroad and crane trackage 
systems and provides guidance for the selection, use, 
and installation of railroad materials and equipment 
and track components that will perform satisfactorily. 

l-2. Scope 
This manual is a guide to maintenance of railroad 
trackage at military installations. Repair, modifica- 
tion, and minor construction procedures are present- 
ed within the limitation of maintenance personnel 
responsibilities. The maintenance standards pre- 
scribed have been established to protect Government 
property, with an economical and effective expendi- 
ture of maintenance funds commensurate with the 
functional requirements and the planned future use of 
the facilities. The publication furnishes guidance for 
the maintenance forces in the field who will do the 
work and is designed for use in the performance of 
their work. 

l-3. Related Publications 
The use of the systems and procedures described in 
this publication, by personnel who have the responsi- 
bility for specifications, requisitions, procurement, 
inspection, storage, issue, application, and safety, 
should assure uniform, economical, and satisfactory 
truck maintenance and repair. When information in 
this publication varies from that contained in the 
latest issue of Federal or Military Specifications, 
the@) Specification(s) shall apply. Appendix A lists 
pertinent regulations, manuals, and other significant 
publications referenced throughout the text. In case 
of doubt, advice concerning any procedure may be 
obtained from the addresses listed below. Also rec- 
ommendations or suggestions for modification, or 
additional information and instructions that will im- 
prove the publication and motivate its use, are 

invited and should be submitted through these 
channels: 

13.1. HQDA (DAEN-MPO-B) WASH. DC 20314. 
l-3.2. Department of the Navy, Naval Facilities 

Engineering Command (100),200 Stovall St., Alexan- 
dria, VA 22332, or from its Geographic Engineering 
Field Division (102). 

l-3.3. Department of the Air Force Directorate of 
Engineering and Services, ATTN: AF/LEE, WASH 
DC 20330. 

14. Application 
A majority of this manual deals with railroad track- 
age; however, most information also applies to crane 
trackage. Where there is a major difference in 
procedure, trackage will be divided into the following 
three trackage systems and each discussed 
separatelv. 

14.1. Railroad Trackage. Railroad trackage ap- 
plies to all track systems used by engines, cars, or 
locomotive cranes including narrow gage systems. 

l-4.2. Ground-Level Crane Trackage. Ground-level 
crane trackage applies to tracks for all weight- 
handling equipment that operates on the major work- 
ing level of an activity. This includes but is not 
limited to trackage systems for portal, gantry, ham- 
merhead, tower, and the ground-level rail for semi- 
gantry cranes. 

l-4.3. Elevated Crane Trackage. Elevated crane 
trackage applies to all trackage systems attached or 
suspended from side walls, cohmms, buildings, roofs, 
or separate superstructures. This includes trackage 
for overhead or bridge cranes, wall cranes, semi- 
gantry cranes, and floating drydock cranes. NOTE: 
Rail inspections for monorails, “H” or “1” Beam, and 
other structural steel shape rail systems and trolley 
trackage for jib and other hoists are conducted by the 
crane inspector and/or building inspector. 

l-5. Cooperation and Coordination 
1-5.1, Intraservice Functions. Cooperation and 

coordination of track maintenance activities among 

l-l 
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the installation departments concerned should be 
continuous. Programs of properly planned and ex- 
ecuted maintenance operations prevent undesirable 
interruptions of rail traffic on military installations. 
Measures for the protection of supplies in storage 
must be coordinated with the storage service primar- 
ily responsible for the care and preservation of stored 
items. Supply officers, through normal channels, 
provide standard items of materials and equipment 
for track maintenance. 

l-5.2. Interservice and Interdepartmental Func- 
tions. Cooperation and coordination in conducting 
track maintenance activities are encouraged at all 
levels of command. Appropriate liaison should be 
established and maintained between major commands 
and installations in a geographical area. Cross-service 
assistance shall be provided as necessary in the 
interests of economy and maximum utilization of 
manpower and equipment. 

14. Army Responsibility 
Staff, command, and technical responsibility for main- 
tenance and repair of utility railroad track at Army 
installations will conform to assignments set forth in 
AR 420-10 and 420-72. The American Railway Engi- 
neering Association (AREA) manual will be consulted 
on methods, tools, and procedures for railroad main- 
tenance involving problems not covered herein and 
will be followed when not in conflict with current 
Army, Navy, or Air Force directives. 

1-7. Navy Responsiblity 
l-7.1. Naval Facilities Engineering Command. The 

Naval Facilities Engineering Command (NAVFAC) 
provides technical guidelines and advice for inspec- 
tion and maintenance of trackage and related accesso- 
ries. The Commanders and Commanding Officers of 
NAVFAC’s Engineering Field Divisions provide 
technical assistance in operations and maintenance 
matters to shore installations. 

l-7.2 Commanding Officer. The Commanding Offi- 
cer at each Naval and Marine Corps shore installation 

is responsible for providing safe trackage and an 
adequate maintenance program. Normally, these re- 
sponsibilities are delegated to the Public Works 
Centers or Public Works Departments, as appropri- 
ate. Design standards shall be in accordance with 
NAVFAC DM5. Inspection of trackage systems shall 
conform to the guidelines established in NAVSEA/ 
NAVFAC Instruction 11230.1 or NAVFAC MO-322. 

1-8. Air Force Responsibility 
l-8.1. Directives. Policy for the maintenance, re- 

pair, and minor construction of railroads and appurte- 
nances is set forth in AFM 85-l and AFM 3f5-1, 
Chapter 2. 

l-3.2. Major Command Level. Each major com- 
mandwilh 

1-8.2.1. Insure that effective preventive and cor- 
rective track maintenance measures are established 
and accomplished at all installations under its 
jurisdiction. 

l-8.2.2. Provide qualified technical supervision for 
personnel engaged in these operations. 

l-3.2.3. Provide for training of personnel engaged 
in the maintenance of trackage and appurtenances. 

l-3.2.4. Make certain that Base Civil Engineer 
personnel engaged in direct field supervision of main- 
tenance operations, or those who function indepen- 
dently of direct supervision, are technically 
competent and thoroughly familiar with the perfor- 
mance of all phases of this activity, as outlined in this 
publication. 

l-3.3. Air Force Installations. The Base Civil 
Engineer wilh 

l-3.3.1. Plan, initiate, and supervise the execution 
of track maintenance. 

l-8.3.2. Insure that in-house track maintenance 
personnel are trained. 

l-3.3.3. Investigate the occurrence of and reasons 
for failures and accidents. 

l-3.3.4. Inspect and determine the effectiveness of 
safety measures. 

Section 2. RAILROAD AND CRANE TRACKAGE MAINTENANCE 

STANDARDS, POLICIES, AND CRITERIA 

1-9. Standards 

tional missions of the installations, and will permit 
interservice assistance and support, where possible, 
in the interest of efficiency and economy. 

The standards or criteria contained in this manual 
have been developed by the Army, Navy, and Air 
Force with the concurrence and approval of the 
Assistant Secretary of Defense (MRA&L). Compli- 
ante with these standards is madatory in order that 
the maintenance of trackage at military installations 
will be uniform, will adequately support the opera- 

l-10. Policies and Criteria 
The extent of repair and maintenance of railroad 
trackage will be governed by the permanency of the 
installation, operational requirements, track classifi- 
cation and category, or limiting conditions established 
by the serving railroads. Work necessary to maintain 



base dreads at an equivalent of a Class 2 track as 
defined in the current Federal Railroad Administra- 
tion (FRA) Track Safety Standards (Appendix Bl will 
normally satisfy operational needs of military installa- 
tions. However, safety, efficiency, and economy will 
be the controlling factors. The FRA Track Safety 
Standards provide descriptions of tolerances and 
defects for guidance in overall track inspection. Devi- 
ation from the standards in the FRA Track Safety 
Standards may require immediate corrective action to 
provide for safe operations over the trackage in- 
volved. In general, on heavily used sections of track- 
age, work planning should start when a deficiency on 
a section of trackage exceeds one-half (l/2) the 
allowable deficiency. Selection, installation, inspec- 
tion, and maintenance of trackage systems shall be in 
accordance with referenced documents, except where 
criteria in Chapter 7 provide more stringent or 
restrictive criteria. In determining the extent and 
nature of Government maintenance, repairs, and 
rehabilitation of railroads on land that is held under 
lease, permit, or easement, the terms of such docu- 
ments will be taken into account. 

l-l 1. Engineering 
The need and accomplishment of major repairs and 
rehabilitation of existing railroads will be based on 
the determination of q&i&d engineers. The services 
of such technical personnel will be used to assist in 
the establishment of railroad maintenace programs: 

l-l 2. Specifications 
The use of AREA specifications, or those of the 
raihoad(s) serving an installation in lieu of Federal or 
Military Specifications, may be given consideration 
when such use would be to the advantage of the 
Government. Otherwise, the applicable Federal or 
Military Specification shall take precedence. 

l-l 3. Categories 
The term “trackage” includes rails, ties, rail accesso- 
ries, switches, crossovers, ballast, roadbeds, and 
support structures. Also included for complete cover- 
age of the trackage system are criteria for the 
maintenance of slopes, ditches, road crossings, cul- 
verts, bridges, trestles, overpasses and underpasses, 
grade separations, tunnels, signals, snow protection, 
signs, and markings. 

1-13.1. Railroad Trackage System. Railroad track- 
age systems are divided into six categories according 
to their principal use. 
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Category Service or Use 

Running or access 

Classification yard 
Sidings 

Team tracks 

Storage 
Temporsry 

Primary line, industrial and 
~PecialPurpose 

Receiving, sorting, and holding 
Auxihary (other than for meet- 

ing or passing> and house 
trackage (along or entering a 
building) and dead storage 

Freight transferred directly to 
highway vehicles 

Hold purposes - low-use spur 
Generally to facilitate con- 

struction 

1-13.2. Crane Trackage System. Crane trackage is 
divided into two maljor systems: ground level and 
elevated. Maintenance and inspection procedures are 
basically the same as those shown for raiboad 
t&age. Operating speeds for cranes shall be initiat- 
ed and promulgated by activity commanders to meet 
local safety requirements. Categories may be as- 
signed by type or limiting size of equipment utilizing 
the trackage system. 

l-14. Terms and Engineering Data 
A glossary of railroad terms is provided in Appendix 
C of this manual. Engineering data useful in the 
maintenance of trackage are presented in Appendix 
D. 

l-l 5. Active Trackage 
The principal tasks to be considered in maintaining 
active trackage are: renewing ties, ballast, rails, and 
accessories; raising, realigning, and regrading tracks; 
oiling and tightening switchpoints and track bolts; 
cutting vegetation and cleaning ditches; and repairing 
bridges, trestles, and culverts. Overall maintenance 
policies and detailed guidance for maintaining these 
areas are covered in Chapters 2 through 6. Chapter 7 
describes procedures for inspecting and reporting 
trouble areas within trackage systems at military 
installations. A well-maintained track is shown in 
Figure l-l. 

l-16. Inactive Trackage. 
When trackage is in an inactive status, the mainte- 
nance policies will be consistent with the anticipated 
future mission of the installation and the particular 
trackage involved. 
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1-1’7. Surplus Trackage. guidelines and regulations make certtin safety eqtrip- 

Trr&age that. is pkmned ffJr disposal sbouId rweire 
no maintenance except vegetation control. UseFuI 
material should be salvaged when such action is in !.he 
best interest. of the Governmcni. 

l-l 8. Safety 
The Occup&ional Safety and Heakh Act (OSRA) 

men2 and procedures msnda,tory. Safe@ precautions 
and safe maintenance practices are covered in detail 
in Che following ~ublic&iorw: 

l-18.1. ARMY - EM 386-l-~. 

l-18.2, NAVY - NAVMAT P-5100 

I-lP.3. Air Force - AFM 12%101 
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CHAPTER 2. 

MATERIALS, TOOLS, AND EQUIPMENT 

Section 1. MATERtAlS 

2-l. General 2-2. Material Nomenciature and 
Specifications 

Maintenance and repair of railroad trackage require 
the use of special materials, tools, and equipment. It 

In requisitioning track materials, it is important that 

is important that personnel responsible for this main- 
proper details be given to obtain the exact material 

tenance be completely familiar with identification and 
required. Figures 21 through 2-14 illustrate the 

nomenclature for purposes of use and requisitioning. 
most common track materials and present specitlca- 
tion details required for drawing clear requisitions. 

SPECIFY 
A-WElDMY PER YARD AND SECTION OF RAIL 
&DISTANCE FROM END OF RAIL TO CENTER OF FIRST BOLT HOLE 
C-CENTER TO CENTER OF FIRST AND SECOND HOLES 

I UNIR EACH 

Figurn Z-1. Rad ddaib. 

2-3. Stocks of Material and section (Figure 2-4 and Table D-11. 
2-3.2.2. One set of switch points (right and left 

hand) (Figure 25 and Table D-l). NOTE: Must 
match existing points in type, section, length, and 
drilling pattern. 

Recommended stock quantities for emergency and 
replacement use are outlined below. 

2-3.1. Where deemed appropriate, it is recom- 
mended that the following quantities of material be 
stocked at a convenient location along running tracks 
or industrial trackage. 

2-3.1.1. Two full-length rails of representative 
weight and section (Figure 2-l). 

2-3.1.2. Two short-length rails of representative 
weight and section. 

2-3.1.3. Two pairs of joint bars and compromise 
joint bars (when appropriate) with bolts and lock 
washers (Figures 2-2 and 2-31. 

2-3.2. Classification/Receiving Yard or Industrial 
Area. At classification and receiving yard, or other 
congested areas, stocks should include: 

2-3.2.1 One frog of representative number, weight, 

2-3.2.3. Two guardds (Figure 2-61. Tee rail or 
one piece manganese. NOTE: Guardrails may be 
straight on ends. 

2-3.2.4. One full-length rail. 
2-3.3. Central Storage. Recommended stock quan- 

tities at a designated central storage area are two 
full-length rails with track fastenings such as joint 
bars, bolts, spikes, rail anchors, and tie plates (Fig- 
ures 2-7 through 2111 for each mile of track. 

2-3.4. Emergency. Minimum standby stocks for 
emergency use at central storage area are: 

2-3.4.1. Switch stand repair parts (complete) (Fig- 
ure 2-12). 

2-3.4.2. Two sets of switch ties (Figure 213). 

2-l 
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2-3.4.3. One care (30 to 50 tons) of bal- 
last. NOTE: This may be deleted at small instal- 
lations with short trackage. 

2-4. Storage of Material. 
Stocks of material in the warehouse, section tool 
house, or in open storage will be properly stored 
(Figures 2-14 through 2-16). 

2-4.1. Rails and Track Accessories. Rails stored at 
points along a railroad for future use should be 
segregated by weight and section and stacked in neat 
piles (Figure 2-14). Store rails above probable high 
water in case of flooding, and at least 10 feet from the 
nearest track. Protect accessories from the effects of 
inclement weather. Always store materials so that 
they will not interfere with the movement of train 

crews or personnel frequenting the area. 
2-4.2. Wood and Concrete Ties. Segregate timber 

crossties according to size and type, and store by 
stacking on high, dry ground. Treated ties may be 
stacked edge to edge (Figure 2-15). Avoid handling 
ties with sharp instruments other than tie tongs. 
Keep ground in the storage area bare of debris or 
vegetation for at least 2 feet around every stack of 
ties and clear of vegetation over 6 inches high within 
10 feet of any stack; slope the ground so that water 
will not remain under the stacks or in their immediate 
vicinity. It is especially important that all decaying 
wood debris be removed and that fire prevention 
measures be observed around the storage area. 
Figure 2-16 shows the nroner method of storing 

- concrete ties. 
- . 

SPECIFY 
A-WLlOllt AND SECTION OF RAlL 
B-DISTANCE. END OF RAIL TO CENTER OF FIRST BOLT HOLE 
C-DISTANCE, CENTER TO CENTER OF FIRST AND SECOND BOLT HOLES 
D-DIAMETER OF BOLT TO BE USED 

UNIT: PAIR 

C = LEFT HAND (LH) OR RIGHT HARD (RH) DEPENDING ON 
LOCATION OF LARQER RAIL VIEWED FROM CERTER OF 
TRACK (THIS IS A LEFT-HAND EAR) 

SPECIFY 
A-WEIGHT AND SECTION OF LARGER RAIL 
B-WIEIQHT AND SECTION OF SMALLER RAIL 
C-LM OR RH 
D-DISTANCE FROM END DF LARQER RAIL TO CENTER OF FIRST MOLE 
E-DISTANCE FROM END OF SMALLER RAIL TO CENTER OF FIRST HOLE 
F-DISTANCE CENTER TO CENTER OF FIRST AND SECOND HOLE. LARGER RAlL 
G-DISTANCE CENTER TO CENTER OF FIRST AND SECOND HOLE, SMALLER RAIL 
M-DIAMETER OF BOLT MOLES IN RAIL. IF DIFFERENT, SPECIFY SIZES 

I 
UNIT: EACn; INCLUDES INSIDE AND OUTSIDE BARS 

Fqpm 2-8. Compromtsc joint d&da. 
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LOha POINT LOha POINT 

CENTER LlNL LENGTN CENTER LlNL LENGYN 

C 

C = LEFT HAND (LH) OR RIQHT HAND (AH) 
VIEWED FROM BEGINNIND POINT OF TURNOUT 

LH SWlTCli *POINT 

SPECIFY 
A-WEIGHT AND SECTION OF STOCK RAIL 
B-LENGTH OF POINT 
C-LH OR RH 
0 AND E-DRILLING (OPTIONAL) 

UNIT: EACH OR 
SET INCLUDINO 

RM AND LH POINTS 

F-DISTANCE OF SWITCH ROD CLIP FROM TIP OF POINT 
G-CENTER-TO-CENTER DISTANCE OF FIRST AND SECOND SWITCli ROD CLIPS 

F$m P-5. Suntch pod details 
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I AT RUNb+NG RAIL 
I 

SPECIFY 
A-WLIQWT AND SECTION OF RUNNING RAIL 
S-LENQlW OF GUARDRAIL 
C-NUMSER OF f ILLER BLOCKS REQUIRED 
D-TYPE OF FASTENINQ TO RUNNING RAIL (BOLTED DR CCLAMP) 

UNIT: EACH 
I 

Fzgure 2-6 Guardmzl detds 

SPECIFY 

A-WIDTH OF BASE OF RAIL, OR 
WEIGHT AND SECTION OF RAIL 

B-AREA PLAN NUMBER 
C-RIB OR PLAIN 

UNIT: EACH 

Fqpwe 2-7 Truck bolt detmls 

2-4 
,- 

, $ (’ , 
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SPECIFY 
A-DIAMETER 

UNIV EACH 

NOTE SPRING WASHERS ARE NOT 
INCLUDED WITH TRACK BOLTS 

Fqure 2-9 Spnrq lock washer d&ads 

c 
A 

I 

II 

SPECIFY 
A-SIZE 
B-LENGTH 

UNIT’ KEG 

Fqure 2-10 Track spake d&ads 

4 

SPECIFY 

A-WEIGHT AND SECTION OF RdL 

UNIT. EACH 

Fqure 2-11 Typtcal ml1 anchor 
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SWCH STAND RRPAIR PARTS 

Ftgure %iY Detads of suntch-stand repaw parts Ftgure zllustmtes low dand urth parallel throu 
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SPECIFY 

A-WIDTH OF TIE 
B-THICKNESS 
C-LENGTH 
D-PREDRILLED OR PLAIN 

UNITS 
CROSS TIES: EACH 
SWITCH TIES: SETS, SPECIFY NUMBER OF TURNOUT 

- EACH; SPECIFY LENGTH 
BRIDGE TIES. EACH 

Figure 2-13 Suntch, CTOSS, and bndge tie detads 

END VIEW 

Flgcrre 2-l; Proper method of stacktng mlls 
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Section 2. TOOLS AND EQUIPMENT 

2-5. Requirements. 

Tools and equipment should be provided in quantities 
consistent with the maintenance to be performed. In 
specific instancies where additional or special tools 
and equipment are required, they should be procured 
through normal supply channels. Tools usually em- 
ployed in track work are shown in Figure 2-17. 

2-6. Cafe and Maintenance. 

2~5.1. General. Tools and equipment shall be main- 
tained in a constant state of good repair. They shall 
be kept free of rust and serviceable at all times. 
Cutting tools such as chipping hammers, drills, chi- 
sels, and saws must be kept sharpened and ready for 
use. Defective or wornout tools and equipment should 
be repaired or replaced. Personnel handling, using, 
and storing tools and equipment must do so in an 
orderly workmanlike manner, adhering to all safety 
precautions. Railroad maintenance personnel should 
be constantly aware of rail traffic dangers to life and 
limb, not only from their own standpoint but from the 
standpoint of the transportation of personnel and 
passengers. Tools and equipment must be kept clear 
of the right-of-way except during actual in-hand use. 
When loaded on trucks, track cars, or trailers, tools 

must be placed so that they will not fall off when 
bumped or moved (Figure 2-H). 

Z-6.2. Power Operated Equipment. Where railroad 
maintenance equipment includes power-operated ma- 
chinery or specialized machinery such as snow plows, 
mechanical spreaders, and the like, maintenance shall 
be carried out as described in individual equipment 
manuals or in the manufacturer’s instructions. 

2-6.3. Special Tool and Equipment Maintenance 
Procedures. In areas where climatic conditions other 
than temperate exist, special instructions will be 
given and provisions made for the handling of tools 
and equipment. This applies to Arctic, tropic, and 
other severe climatic areas where intense cold, heat, 
or humidity affect the materials from which tools and 
equipment are made, as well as handling, storage, 
replacement, and repair. Adjustment shall be made in 
supplies and stocks to meet the local situation. 

2-6.4. Storage. Tools shall be stored neatly in 
toolhouses when not in use. Small tools are best kept 
in toolboxes, whereas larger sharp tools, such as 
bars, picks, and forks, are best stored in racks 
designed to protect their points and at the same time 
be safe for personnel moving about the toolhouse. 
Power tools or machinery shall be housed against 
weather, and their accessories systematically stored 
for ready application. 



A. . 
1. Scythe 5 . Short-handled, 2. Hand sdw square 7. Scoop point shovel 

8. Rail 
3. Two-man 6. 

tong 
saw Long-handled, round 

4. Sledge hammer point .shovel 1:: 
Tie tong 
Track wrenches 

I 

, 

I 

B. 
1. E3PUSh hook 4. Pick 8, Rake 
2. Track jack 5. Tamping pick Mattock 
3, Spike ma1~1 6.4 Level board 1;: Spade 

7. Spike-claw exfzen'sion 

2-10 
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C. 
1. Drill brace 5. Track gage 9. Post-hole digger 
2. Wood drills 6. Hacksaw 10. Rail-drilling 
3. Paint brushes 7. Hatchet machine 
4. Boring tool 8. Claw hammer 11. Ballast fork 

w ,. 

0. 
1. Tie adze 4. Lining bar 7. Rail bender .. 
2. Ax 5. Wheelbarrow. a. Sighting blocks. 
3. Claw bar 6. Track drills 9. Spot board 

2-11 
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Figww tclrl. trn 

2-12 
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CHAPTER 3 

TRACK STRUCTURE ELEMENTS 

Section 1. GENERAL 

3-1. Purpose. 
To present methods and procedures for maintenance 
of track elements in a manner that complies with the 
policies set forth in Chapter 1. 

3-2. Scope. 
The criteria for repair, maintenance, and rehabilita- 
tion presented in this part of the manual pertain 

directly to elements making up the track structure. 
Many track problems originate with faulty drainage 
(Chapter 4) or improper original construction. These 
problems must be solved prior to or during the repair 
or rehabilitation. Competent engineering assistance 
may be required to solve them when thedetermina- 
tion of the cause of the deficiency is beyond the 
capaility of the maintenance force. Early attention to 
maintenance problems reduces costly repair and adds 
to the efficiency of overall operations. 

Section 2. BALLAST 

3-3. Purpose of Ballast. Table 8-f. Recmwnended Ballast Grad&m 

Ballast is selected material placed on the roadbed for 
the purpose of holding the track in line and elevation. 
It provides uniform support for the track, anchors the 
track in place, drains water falling onto the roadbed, 
reduces heaving from frost, and retards the growth of 
vegetation. Economic factors as well as matching 
existing work will be considered in determining the 
type of ballast material for maintenance use. 

- 
Maximum 

size 
in. 

biiium 
sue 
in. 

314 
3i4 
3l4 

1 

l/2 
l/2 

Percent Fmes 
Allowable 
by Weight - 

Crushed rock: 
%Pd 
Limestone 
Gl3Nt.e 
Slag, broken 

and 
screened 

2-l/2 
2-l/2 
2-l/2 

10 
10 
10 

2-l/2 15 

3-4. Types, Sizes, and Application. 

3-4.1. Crushed Stone, Slag, and Gravel. Ballast 
will have high strength, durability, and permeability. 
Crushed stone, slag, gravel, and similar materials 
may be used if they conform to AREA requirements 
for gradation, wear, and soundness. Coarse gradua- 
tions, up to 2-l/2-inch maximum size, are preferred. 

Gravel: 
screened ant 

washed 
Screened 
Pit-Nn 

l-1/2 
l-u? 

Large rocks 
removed 

10 
20 

M.2. Bit-Run Gravel. Bit-run gravel is satisfac- 
tory for low-use tracks, whereas crushed stone or 
similar high quality material is required for running 
track. On weak subgrades, free-draining sand is used 
as subballast to reduce pumping and the formation of 
ballast pockets. 

3-5. Reconditioning Ballasted Track. 
Stone or hard slag ballast shall be cleaned when dirty 
enough to grow vegetation or when other foreign 
material restricts proper drainage. Bit-run gravel 
with fines exceeding 30 percent shall be replaced. 
Hand methods or mechanical means may be used for 
reconditioning ballast. 

3-6.1 Stone, Slag, or Screened-Gravel Ballast. To 
recondition ballasted track, the following steps are 
necessary: 

3-4.3. Sizes. Tables 3-l presents maximum and 3-5.1.1. Clean ballast shoulder down to subgrade or 
minimum sizes recommended for ballast materials. top of the subballast (Figure 3-l). 

11 
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C-C of Tracks - VcmMc 

I 

-, 

3-5.1.2. Clean crib to bottom of ties 
3-5.1.3. Clean space between multiple tracks to 

bottom of ballast or, at least, to 6 inches below the 
bottom of the ties. 

3.5.1.4. Clean the berm to the bottom of the 
ballast, preferably not less than 8 inches below the 
bottom of the ties. 

3-5.1.5. Clean cross ditches or drams. 
3-5.1.6. Dress subgrade and provide drainage in 

accordance with minimum slopes shown in Figure 3- 
2. 

35.1.7. Clean the ballast removed. 
3.5.1.8. Replace cleaned ballast under the track and 

add enough new ballast to make a standard section. 
Minimum ballast depth must be maintained at 6 
inches below the bottom of crossties. 

3-5.1.9. Collect refuse material, and distribute it 
along slopes of fill. 

3-5.2. Bit-Run Ballast. To recondition pit-run bal- 
last, the following steps are necessary: 

3.5.2.1. Skeletonize the track by stripping or by 
raising the track on the old ballast (Figure LW. 

3-5.2.2. Remove the ballast from outside the track 
to the original depth of the ties. 

3-5.2.3. Dress subgrade and widen cuts or tills 
wherever necessary. Maintain a 2:l maximum slope, 
preferably 3:l to facilitate maintenance. 

3-5.2.4. Clean existing cross drains, or construct 
new ones; be sure they are deep enough to provide 
adequate drainage. Never locate cross drains at rail 
joints. 

3-5.2.5. Distribute enough clean ballast to provide 
for the lift and width desired. 

3-2 

3-5.2.6. Resurface track to uniform grade. 
3-5.2.7. Collect refuse material, and place it along 

slopes of fills. 

34. Distribution of New Ballast. 
Except where the distribution of new ballast is 
needed for an intended raise out-of-face, the track is 
surfaced before distribution of new ballast. 

3-6.1. Dumping. Ballast is usually unloaded by 
dumping from hopper cars (Figure W). It is unload- 
ed by having one or more cars opened at a time, 
allowing the required amount of ballast material to 
flow out as the train is moved along slowly. 

3-6.2. Spreading. The unloaded material should be 
leveled by means of a ballast plow or spreader. Care 
must be taken to hold to the established grade set for 
the new material. Hand methods require special 
attention to placement of ballast under the full tie 
length (Figures 3-5 and 3-6). 

3-6.3. Tamping. Ballast must be well packed with 
hand tools or machines, Figures 3-7, 3-8, and 3-9. 

36.4. Frogs, Guardrails, and Switches. At turn- 
outs, remove all excess ballast from frogs, guardrails, 
and the movable parts of switches. 

ZL6.5. Trimming the Ballast. Ballast should be 
trimmed to conform to the standard ballast section 
(Figures 3-l and 3-21, using an appropriate template. 
Slopes shown are preferred; however, conditions may 
require different slopes. The portion of the subgrade 
outside the ballast line should be left with a full, even 
surface and the shoulder of an embankment clearly 
defined and properly dressed to the standard road- 

) 
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3 6 7’ I -0 
NOTE PROVlDE A 
SLIGHT CROWN TO 

,#acm.mc e0.v ..a_ 
a lANGEN 

SINGLETRACK 

Sll~““rr”S. bY, clnu 
FILL VARY ACCORDING 
TO DESIGN 

c TANGENT 
DOUBLETRACK 

31 -o,,-] 

L.-r0 -0 -.-y--l3’-o’,-e~-o F 

l-o 

r2 

d CURVE 
DOUBLETRACK 

Ftgure Z-Z Detaak of staruimd ballast sectume 
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way se&ion. Clean or rake the berm. Surplus bnll~~ 
I& over from trimming should he disposed of in an 

used to perform the work; in&H ancI secure promptly 
all stock guardsS crossing pianks, and similar facilities 

appropriate area, 
S-6.6. CIeanu p. After the baIb:t is cleaned or 

adjacent to or forming pa& of &he tra(*k; and dlspn~e 

renewed, remove all materials, LobIs, and equipment 
of all rubbish and waste remaining fmm the oper- 
atinn. Ilo not litter tlhe right-of-way. 

Section 3. TIES 

3-7, Generd. 
Nearly aII railrtiacl trackage on mibary inst~llalions 
has been constructed on wood tieu. The use of wood 
ties for most such trackage ~41 be continued, hut 
there are ~CmtN.Yleefl wbe& the use of ctJner&= 

ties may be warranted. Trackage 6onfinuzled on 
concrete ties in recent. years by several commercial 
railron& h&q indicated that some of the potenliaI 
advantages of cnncrete over wood tics include longer 
in-uue life, greater stPen@h, and helter ability to hold 
rails permanently in Pine hntl I.0 gage. 

3-s. VVoad Tiles. 
The service life of wood ties depends on t,hc kind of 
wood, the method of treatment, the mechani&l pro- 
&&ion afforded, the severity of use, and ChJatiC 

conditions. The use of untreated wnotl ties can no 
longer be jast.ifled. Only Ire.at,ed wood l.ies are lo be 

purchased or 1~x4. Des@ and speeifieation c~f ties 
used in maintenance and repairs must. conform to 
AREA Standard a&or Federal Specifications and 
~houIrl match she ties in e,tie adjoining work (see 
Appendix (3. 

5%. I. Preservative ‘fieatment. Pressure treat- 
ment with creosote has proved to be the most 
effective and practical prevantivp of decay (rot,) and 
insects. Damage to wood fibers during spitting is less 
in treated than in untreated ties. Waler repellance is 
better in treated than in untreated ties. Coal-tar 
moa~te, solutions of wood-tar and coal-tar creosotes, 
and oil-home solutions of’ pentaehloruphenol are the 
most common presenrativre ~~31 for wnod ties. 
Pressure treatment ia more PffecLive than field treat- 
ment because preservatives applied under pressure 
penetrate the wood deeper and more uniformly than 
they do when applied in the field under no pressure. 
Consqrentty, field trea.lmeot is relied on only to 

,.A’- 
,I’ ,’ ) 
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Figure S-5. Ballast ph. 
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supplement pressure treatmenl; i,e., where it be- 
comes necessary to pen&r&e the treat4 “&ells” of 
pressure-treated tie!: by cutting, adzing or boring. 
etc.), the resultant exposed untreated WCNKI ix to be 
treated with field-applied crea~~te. Treatinp && 
conform to the standards of the American Wood 
Prcsorver6 Bureau. 

.34X1,1. Any fabricating vuch as end trimming and, 
if required, a&zing and boring or application of 
antisplitting devices (irons) (Figures 3-lfl anrl 3-I 1 or 
dowels (Figure S7-12! shouId be performed before the 
ties arc pressure treated. Seltlnm are Lhe tscated 
shells of ~1~4~ ties damaged while being property 
handled and placed, Where the premure-tr&ed 
shells are unavoidably darna~l, field-applied pmser- 
vative is to be pmvided. 

3-8.1,2, Because switch lies arp~ not of uniform 
length (Figure 2-16) and became the 1otlatinrl.e of 
switch componenti izannr4t be predicted. pwilrh l.ies 
are not adzed or bored before pressure trcaatment. 
The prefabrication of switch tjes should con&t nt 
cutting and installation of tintisplitting cleviCefi only. 
The field adzing and boring oi’ switch ties is to hr 
followed by carefnlly applied fielcl preset-vat& 
treatment. 

3-?~1.S The field lreatment is to consist of two 
applications tif hot creosote. On flat untreated sur- 
faces (where tie* have been ~&cd or cut), hhe 
matcriaI shall be h1~1s1~ applied. Unused bored holea 
or spike holes are to be GLled with tight-fitting, soft 
wvnd, trc+nted plugs firrrily drive into the holes. 

SC?. Handling Wood Ties. Broken, bruified, 
gouged, and otherwise d:rmagc?d tiee C~~ r.he r&dt. of 
csrelesa handling Ties are not to be unloaded by 
dropping or throwing Lhem ont,o rails. hocks. or ha.rrl 
nr paved ~urfacrs. Tier; handled with tongs suffer less 
dama@ than ties handled with hark or sharp toold. 
Figures %I3 thm~tyh 3-18 ilIur;t,rabe the proper 
method of handtiny wood tieti. The proper manner in 
which wood ties are to be cdacked when they are not 
to he ursed immediately is ahnwn ii) Figui’e 2-15 (para 
W:t. Slacks of ties in areas exposed to Rparks or 
other Are huzaPris can be prtitected by covering the 
stacks with e&h nr sand. 

,343. Gat’et,y. Creosote is a Pkin irritant, :md 
splinters are a constant hazard in the handling vf ties. 
All pc~onnel who handle tics must wear appropriate 
gloves (Figure 8-N!. Other common hnzards are the 
dropping of !&s and other heavg r~bjects and tripping 
over tools and supplies.. -411 personnel exposed to 
lheue hazards will WHEW safety shoes. 
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3-9. Ties Other Than Wood. 
Decisions on the use of ties other than wood are to be 
made by a qualified authority and shall be based on 
comparative cost estimates reflecting all factors. The 
longer in-use life of concrete ties may justify their use 
in areas where tie inspection and maintenance work 
entail pavement removal, or at critical locations 
where track maintenance work results in serious 
operational problems (i.e., crossings, paved streets, 
paved industrial areas). 

3-9.1. Concrete and Composite Tie Data. The 
Federal Specification covering concrete and compos- 
ite ties has not been completed. Meanwhile, specifica- 
tions for the ties will be developed for individual 
installations by those responsible for engineering at 
the military installations or at the offices of higher 
echelons of the engineering elements of the Depart- 
ments of the Army, the Navy, and the Air Force. 

3-9.2. Other Material. Ties made of composite 
materials and other state-of-the art-materials leading 
to tie substitutes may be used as available and proven 
in service. 

r 
E 

3-9.3. Handling Concrete Ties. Workmen must 
wear appropriate safety shoes when handling ties. All 
ties shall be unloaded and loaded mechanically. Fig- 
ure 3-1’7 illustrates the proper method for unloading 
concrete ties. Where ties must be stacked, they shall 
be stacked mechanically. No ties shall be loaded, 
unloaded, or stacked by hand. Because each concrete 
tie weighs nearly 500 pounds, all ties are to be moved 
from the unloading area or from stacks to the work 
sites by rail or truck. After the ties have been 
distributed and placed mechanically as close as possi- 
ble to their final position, then and only then are they 
to be manhandled into position in the track work. 

3-10. lie Sizes. 
Current tie inventories at some military installations 
include wood ties of nonstandard dimensions. Such 
ties are to be used generally on side tracks and spurs, 
not on running tracks. Future purchases are to 
include only standard sizes of ties. 

3-10.1. Wood Crossties. Wood crosstie dimensions 
for military trackage should be selected based on the 

Figure 9-17. Handling concrete ties. 



trackage category (para l-10). ‘IYes for running and 
access t.ra&s should be at least 7 inehes thick, 8 
inches wide, and 8 feet 6 inches long. Ties 6 inches 
thick, 7 or 8 inches wide, and 8 feet long may be used 
for low-use trackage. In addition, ties 7 inches thick, 
9 inches wide, and 9 feet long should be used where 
warrented, in accordance with AREA recommenda- 
tions and this manual (para 4-11). Cross-sectional tie 
dimensions apply bet,ween 20 and 40 inches from the 
center of the tie. 

3-10.2. Wood Switch Ties, Wood switch tie cross 
sections are 7 by 9 inches. The bill of materials in 
Figure ,3-M lists the lengths of 7- by 9-ininch ties 
spec.iiied by -AREA for No. 6 throagh No. 20 
turnoti. 

3-10.3. Wood Bridge Ties. The lengths of wood 
bridge ties are determined by the design of the bridge 
on which they are to be uxd. Normally, the minimum 
length is 10 feet., and the minimum cross section is 8 
by 8 inches. 

5-10.4. Concrete Crosstles. The minimum length of 
concrete crossties is R feet 6 inches. Figure 3-19 
shows a typical concrete tie. The dimensions of 
concrete ties may vary slightly between the products 
of diff&ent suppliers but will conform generally to 
the same configuration. 

340.5. Concrete Switch ‘l&s. Concrete switch ties 
are not currently available. 

340.6. Concrete Bridge Ties. Standard concrete 
erossties may be used as bridge ties, wh.tn~ approucd 
by qwdfied enghm-ing a.dun+it~. 
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3-l 1. Tie Repla;eeriwnt ahd Reuse. 
In general, ties should not be repIaced until decayed 
or mechanically worn beyond serviceability for the 
purpose intended. However, where general track 
reconditioning (ballast and rail remwal) ia under 
way, consideration should be given to replacing ties 
that are near the end of their serviceability so that 
the track need not be disturbed again in the near 
future. Installation of used ties is normally confined 
to light-traffic or temporary lines, sidings, and dead- 
storage tracks, Replacement usually is considered in 
t.he fdlowing order of priority: (1) running or WX~SB 
trac!o~, (2) classification yard, and (3) siding and 
storage trxcks. 

3-11.1. Spot Replacement. Spot replacement is the 
replacement of an occasional defective tie or a small 
group of ties (no more than 10 or 10 percent of the 
ties) from a length of track in which all the other ties 
are in satisfactory wndition. 

3-11.2. General Replacement. General replacement 
involves a larger number of ties (over 10 percent) 
from a length of track in which only occasional ties or 
small groups of ties are in satisfactory condition. 

LLl.1.3. Identifying Defective Ties. Tie replacement 
will be made only after tie inspections have been 
completed and defect,ive ties marked (Figure .3-20 
and :M1) for removal. Chapter 7 of this manual and 
the FItA, Track Safety Standards (Appendix B) 
destibe defective ties. Due to the movable parts at 
switches, the switch ties must be maintained in 
better uondit.ion than the crossties. Ties under the 
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switch points and at the frog ‘should never he &wed 
to reach the conditibn of crossties hv- Cl&ssp 2 track. 
Only ties marked for removal will be replaced. 
Replacement ties shall be inspected prior to inAda- 
tion for com&anec witi applicable AREA Stand~~rds 
and/or Federal Specifications and for damage or 
deterioration while in storage or while being handled. 

3-11.4. Tie Sparing. Tie quantity and spacing is 
based on roadbed conditions, trwkage category, d 
size, anticipated Ioad, and experience tir engineering 
judgement. In&xlh&on criteria for new const~ruction 
and rework trackage should be specified for each 
Beetion of tmekage based on currenl instructions. 
design staridards, need, and economics. 

3-11.5. Spacing For Spot Rcplaeement. For. xpot 
replacement of woocI with wood ties, spacings wilt nbt 
be changed. Elowever, the face-to-face separation 
between ties shall be at least 10 inches, but less than 
16 inches. Skewed ties shall he 8traightened. 

,3-l 1.6. Spacings for Genal Iicplacam~nt. When 
replacing wood with wood ties, standard spacings 
should be a.~ designed; % t,o 24 ties per 8k feet of 
running hack, and 20 to 22 ties per 39 feet for low- 
use trackage. In no case shall less thaln 1% tieR per 39 
feet he present in.any section oftracks@. Tie-spacing 
.gages will he used except where variations in wood 
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Lie cross sections and pIacTment make its use imprac- 
tical. Figure S-22 ilIustratee such a gage welded to a 
shovel, Proper 8pacingS fnr cfJnCr&! tie8 are to be 
determined by a qualified engineer. 

3-11.7. Skewed T&L A skewed tie is one having an 
axi~ other than perpendicular to the rails (except turn 
out rails). Skew distance, as shown in Figure %23, is 
measured along the base of a rail on the gage side, 
Measurements of skew diH.anee may be made while 
checking gage; however, a visual check at any track- 
age system is Adequate. Spotting ties that are over 
half the width of a tie out-of-line can he easily done 
while walking or ridhg over the trackage system. 
Single skewed ties are not serious. Sections of traek- 
age with skewed ties indicate a problem area that 
should be invest$~ted. 

3-11.8. Alignment of Ties, When placing standard 
length wood Lies ih double trarks, align the outside 
ends of ties. For three or more tracks. align the 
otit.xide ends of tics with the outer tracks; a&n the 
ties of inner tracks the fame as for single track. For 
single hack, nlign the east ends of tie6 of north-south 
tracks, and the north end9 of east-west tracks 
Under-length wood ties &all be cented under the 
13-a&. 
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Ftgun J-g8 Radd tw tmmrtwlogy and denttjkatwn 

8-11.9. Procedures for General Tie Replacement. 
Tra5% volume and the availability of alternate track- 
age may dictate replacement procedures. When a 
track can be removed from service without interrupt- 
ing functions, a complete removal and replacement 
program is recommended. Verify and reference line 
and grade of existing trackage and remove the rail 
and ties. As in new construction, grade the ballast; 
salvage excess bailast; set the replacement ties and 
rail; and bring the track to proper alignment, grade, 
and surface. If the track cannot be removed from 
service, repiace as many ties at one time as traffic 
permit& 

3-11.10. Procedures for Spot Replacement. The 
following guidelines are applicable to the usual spot 
replacement programs: 

3-11.10.1. After removing spikes, remove suffi- 
cient bailast from the crib to permit easy removal of 
the tie, pull the tie, and dress the roadbed. 

3-11.10.2. Insert the replacement tie, accurately 
spaced and at right angles to the raii. 

3-11.10.3. When replacement ties are wood, use 
the largest and best ties at rail joints. The distance 
from raii joint to the face of either adjacent wood tie 
shdl not be more than 12 inches. Intermediate ties 
shall be evenly spa42ed. 

8-11.10.4. Wood ties shah be laid heart-side down. 
3-11.10.5. Spike wood ties to the rails at proper 

gage. Bolt concrete ties to the rails after placing the 
bearing pads. 

8-11.10.6. Tamp ballast under the ties. 
8-11.10.7. Avoid raising the track because ballast 

may nm under adjacent ties. Instead of raising track, 
remove a little more ballast from under the tie being 
removed to facilitate the placement of the new tie. 

111.10.8. Tamp under adjacent ties where one tie 
shows evidence of being cut by the raii base. The 
adjacent ties wiil then carry more of the load. 

8-11.10.9. Tie plates will be used on running or 
access and heavy-use classification yard trackage. Tie 
plates are not required on temporary trackage except 
over bridges, trestles, or culverts and on curves 
sharper than 8 degrees (maximum radius 717 feet). 

3-11.10.10. Avoid adzing ties. Adjust and tamp 
ballast to lower high ties. Where adxing is unavoid 
able, where different tie plates must be used, or 
where adzing is required to correct tie damage from a 
derailment, adze only the minimum depth. Then 
make a field application of preservative. 

8-11.10.11. Fill unused spike holes with treated 
soft wood plugs, firmly driven into the holes. 

~11.10.12. Salvage all sound ties, spikes, and tie 
plates for appropriate reuse. Dispose of unsound ties 
and unusable materials. 

3-16 
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Section 4. RAILS AND ACCESSORIES 

3-l 2. General. 
Design and specifications for rails and accessories 
should be in accordance with AREA Standards 
(Chapter 2, Section I). In repair and maintenance 
work it is important to match existing design of 
matmials and construction wherever it is economical- 
ly justifiable. In cases of individual rail replacement, 
where the existing rail does not meet the standard 
criteria listed herein and where the remaining track 
is performing satisfactorily, the same size rail should 
be installed. Rails must be connected at the joints so 
that the rails will act aa a continuous girder with 
uniform surface and alignment. Rails and accessories 
obtained from suppliers or storage should be inspect- 
ed before they are placed in track. 

3-13. Rail Sections. 
3-13.1. Standard Railroad Rail. Most of the exist- 

ing substandard tmckage at military installations 
consists of the 30- or 33-foot rails (Figure 2-1, para 2 
3.1.). Rails required for replacement of worn or 
substandard trackage should normally be 39 feet long 
unless there is sufficient justification for using the 
shorter rail. The 9OWyd RA-A section, in 39foot 
lengths, is satisfactory for most military installations 
except when wheel loading or spacing of supports 
require heavier rail. Heavier rail sections will be 
routinely used only to meet minimum requirements of 
the serving railroad when their locomotives are used 
on the installation. When it becomes necessary to 

relay the existing 96-pound or lighter rails on running 
or access tracks and it is desired to use 115-pound 
rail, approval must be secured from the appropriate 
military service headquarters. 

3-13.2. Ground-Level Crane Rail. Ground-level 
crane rail should be at least 135-pound CR for major 
replacement or new installations. 

3-13.3. Elevated Crane. The rail section to be used 
shall be that which has been recommended by the 
crane manufacturer or equivalent to the existing rail. 
Rail sections shall accommodate all crane wheels. 

3-13.4. Girder Rail. Rails of the street-railroad 
type, with deep webs, heads, and flangeways, are 
often used for trackage in pavement (Figure 3-24). 
(Figure 4-23 in Chapter 4 shows an installation of 
girder rail in a paved area.) Flangeways 2-l/2 inches 
wide shall be provided on tangent track and on curves 
of 8 degrees and under, and flangeways 2-314 inches 
wide on curves in excess of 8 degrees. 

3-l 4. Rail Inspection. 
All rails should be periodically checked. Some types 
of defects may be detected visually, and some by 
hitting the top of the rail with a hammer. Internal 
defects require the use of some type of electronic 
device to determine the type of defect. Figure 3-25 
shows a sonic detector that can be used to detect 
defects within the joint bar area. A small ultrasonic 
tester is shown in Figure 3-26. Fissures are detected 
by a magnetic induction process. 

OF WRDLR R E SECTICM 

‘GIRDER GUARDRAIL TO BE USED 
OPPOSITE GIRDER RAIL FROG 

Figure S-S?& Details of gwder rnd 
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3-15. Rail Failures. 
Rails that are damaged to the extent of being 
hazardous to traffic should be replaced promptly. 
This applies particularly to locations such as switches, 
trestles, and the like where derailment might occur. 
Broken rails must be replaced immediately in any 
part of a track. Common causes of damage to rails are 
derailments, sliding wheels locked during braking, 
broken, flat, or unbalanced wheels, and stiff or 
unmoving trucks. Internal fissures can be detected 
only through the use of an ultrasonic testing device or 
some other type of rail flaw detector. 

3-16. Common Rail Defects. 
Figure 3-27 shows graphic examples of the following 
defects. Appendix B and Chapter 7 give additional 
descriptions, acceptable limits, and remedial actions 
to be taken. 

3-16.1. Transverse Fissure. A transverse fissure is 
a crosswise break in the railhead, starting from a 
center or nucleus inside the head and spreading 
outward. The broken rail shows a smooth area around 
the nucleus, which may be either bright or dark, 
round or oval (Figure 3-27a). 

3-16.2. Compound Fissure. A compound fissure is a 
horizontal split in the railhead that in spreading turns 
either up or down in the head (Figure 3-27b). 

3-16.3. Horizontal Split Head. A horizontal split 
head is a horizontal break beginning inside the head 
of the rail and spreading outward; it is usually 
indicated on the side of the head by a lengthwise 
seam or crack or by a flow of metal (Figure 3-27~). 

3-16.4. Vertical Split Head. A vertical split head 
occurs through or near the middle of the head. A 
crack or rust streak may show under the head close to 
the web, or pieces may split off the side of the head 
(Figures 3-27d and 3-23). 

3-16.5. Crushed Head. A crushed head is a flatten- 
ing or crushing down of the head (Figure 3-27e). 

3-16.6. Split Web. Split webs are lengthwise cracks 
extending into or through the web (Figure 3-27f and 
g). 

3-16.7. Piped Rail. A piped rail is a rail split 
vertically, usually in the web (Figure 3-27h). 

3-16.8. Broken Base. A broken base is illustrated 
in Figure 3-27i. 

3-16.9. Square or Angular Break. Square or angu- 
lar breaks are illustrated in Figures 3-27j and 3-29). 

3-16.10. Broken Base and Web (Bolt Hole Break). 
A broken base and web is a break in the web 
extending to the base (Figure 3-30). 

sl6.11. Other Defects. In addition to the defects 
listed above, flaking, slivers, flowing, engine burn, 
mill defect, bolt hole crack, and top and side wear of 

the head are shown in Figure 3-27k-4. Most of these 
are considered minor. 

3-17. Replacement of Rails. 
Where rails are to be replaced or interchanged, the 
following rules apply: 

3-17.1. Inspection. Before placing any rail in track, 
inspect it thoroughly for possible failures and defects. 

3-17.2. Salvage. Do not place badly worn rails in 
running tracks; save them for use in storage tracks. 
Reject rail that cannot be straightened. 

3-17.3. Curve-Worn Rails. Reset curve-worn rails 
with the worn side facing away from the gage side. 
On curves, use the worn rail as the low or inside rail. 
CAUTION: This type usage is not recommended as 
changes in stress can cause failure. 

3-17.4. Weight and Section. Match weight, section, 
and amount of wear of adjacent rails as closely as 
practicable. Do not connect rails with full heads to 
rails with worn heads where the gage of track at the 
joints would be altered appreciably. 

3-17.5. Compromise Joints. When, by necessity, 
rails of different weights or sections are connected, 
use compromise bars to match the weights and 
sections of the two rails (Figure 2-3). Compromise 
joints are either right-hand or left-hand. To deter- 
mine which is needed, refer to Figure 3-31. If large 
rail is on your left, the joint is left-hand; if on your 
right, it is right-hand. 

3-17.6. Length of Rail. Do not use rails less than 13 
feet long in running or access tracks, m classification 
or receiving yards, or where there is considerable 
movement of cars. Reserve such rails for dead 
storage tracks or extreme ends of stub tracks. 

3-17.7. Broken and Cracked Rails. Remove broken 
or cracked rails from track immediately. If it is not 
feasible to replace the broken rail at once, use a pair 
of fully bolted joint bars at the break as an emergency 
measure. Remove the broken or defective rail as soon 
as possible. 

3-17.8. Drilling Bolt Holes. Drill or punch the full 
number and correct size of bolt holes to comcide with 
the holes in the joint bars used. Hold joint bars in 
place with rail or C-clamps while the bolt holes are 
drilled, to insure correct spacing (Figure 3-32). 

3-17.9. Traffic Precautions. If a rail is broken or 
defective and safety at normal speeds is questionable, 
give “slow” orders (Figure 3-33) for that section of 
track and move trains under direction of a flagman. 
Never use these measures at hazardous locations; 
stop traffic until defective rails are replaced. 

3-17.10. Cutting Rail. As soon as possible, remove 
rails that have been cut with an acetylene torch to 
make a temporary closure. Cut off at least 6 inches of 
the torch-cut end of the rail with a rail saw (Fgurc~ 3- 
34) or cutting tool before using the rail in track again. 
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Figure S-80. Broken base and web. 

I GAirGE SIDE JOINT BAR (MARK GAUGE) 

I - GAUGE SIDE JOINT BAR (MARK OAUGE) 

OUTSIDE JOINT BAR (MARK &JT) 

Figure 9-81. Compromise joint identification. 

3-l 8. Welded Rail Replacement. 

In continuous welded rail, a minimum of 13 feet shall 
he maintained between welds or joints. The method 
of welding shall be the preheated thermite process or 
another approved procedure. Joint bars are required 

3-22 

on welded rail when there are existing bolt holes in 
the rail. Joint bars are mandatory if there are bolt 
holes in either piece of rail being used in new or 
replacement work. Existing rail holes (not at the 
ends), such as bolt holes and old gage rod holes may 
be maintained as is, provided there are no other 
potentially serious defects in the immediate area. 



TM 5-627/MO-103/AFM 9133 

PROCEED 
FARTHER IF NECESSARY TO 
INSURE PROPER REDUCTION 

..- 
FARTHER IF NECESSARY TO 

OF SPEED 

I 
PROCEED 

SIGNAL 

RESTRICTING SIGNAL: YELLOW SIGNAL BY DAY AND VELLDW LIGHT IN ADDITION BY NIGHT, ON THE 
ENGINEMAN’S SIDE OF TRACK, NOT LESS THAN 2640 FEET FROM POINT WHERE SLOW TRACK BEGINS 

PROCEED SIGNAL: GREEN SIGNAL BY DAY AND A GREEN LIGHT IN ADDITION BY NIGHT 150 FEET FROM 
WHERE SLOW TRACK ENDS AND ON ENGINEMAN’S SIDE AS SEEN FROM A TRAIN APPROACHING TRACK 
TO BE PROTECTED 

WHERE TWO OR MORE MAIN TRACKS ARE IN SERVICE. PROTECT EACH TRACK IN BOTH DIRECTIONS AS IF IT 
WERE SINGLE TRACK 

j’itpre 3’4’9. Details for entnhlishing slow order. 

3-l 9. Handling Rails. 

Care must be taken in handling rails both in removing 
old rail for replacement and in delivering and placing 
new rail. 

3-19.1. Precautions. Take care not to damage bolts, 
nuts, or rail anchors when removing rail from track. 
A crane should be used for loading rails when it is 
available. In most installation maintenance, it is 
necessary to load or carry rails by hand (Figure 3- 
35). Rail tongs must be used and the following 
precautions observed: 

3-19.1.1. Divide the gang equally at ends of the 
rail. Utilize suitable lifting tools, distribute weight 
safely, do not overload crew (75 pounds per man is 
recommended maximum load), assure safe footing, 
and lift properly with back kept straight. Safety-toe 
shoes must be worn during such operations. 

3-19.1.2. Designate one person to call directions. 
3-19.1.3. Never attempt to throw rail. 
3-19.1.4. Always load so that a person can jump 

clear if the rail should fall. 
3-19.1.5. If there is a danger of operating person- 

nel falling over rails distributed along the track, 
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repcurt rail locations so they can be warned. Mark the 
ob&rn&ions with visible warning signs. 

3-19.1.6. In yards and sht.ion grounds, &a& rails 
well out of the way of operating personnel, 
place convenient for distribution. 

and in a 

5-19.2. Distribution of Rails, Distribute r-a& so 
thatthey can be laid without unnecess~y handling as 
follows: 

W9.2.1. Place rails base down (Figure .%35), 
parallel with the track and with sufficient hearing to 
prevent bending or swinging, except where there is 3 
hazard of movement ETUC- to vibration. Rail left 
between or adjacent to tracks musl he left lying on 

side, unless on ground that is more than 1 foot, beIow 
top of tie. 

3-19.2.2. Rails should be unloaded opposite the 
locatione in which they are to be placed in the track, 
aIIowing suitable gaps for short lengths. 

3-19.2.3. Proper lengths of rail for road crossings, 

&&ion platforms, bridges., and other special locations 
shall be unIoaded in a safe and convenient locat.ion, 
where they will not constitute an obstruction. 

zL19.2.4. To minimize the cutting of new full-length 
raila, shorter rails should be distributed in pulper 
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places to provide for proper spacing at insulated 
,joinb and for connections to switches. 

3-19.2.5. No rail less than on&alfr~~I length shall 
be UAed in main tracks, except that ?hcJfler r& not 
le8s than 1.7 feet long may be used for temporary 
closures and for connections within turnouti. 

S-19.2.6. Jointa, turnouts, and fastenings should be 
uriloaded and distrihut~ed concurrently with the rail, 
except that small mat.crial must be left in the contain- 
ers unt.il the time of laying the rail. 

3-20. Prepartitibn For Laying Rails. 

Rring gx~de tn true line and eleva1ion before Iqing 
new rail, particularly on curves that are out of line. 
No part. of the track struclure in IEG tihnll be removed 
until the replacement rail iy ready to be installed. Full 
flag protection or @low-order prot,ection must he 
prodded in cases where rail is hcing laid under 
traffic. See Figure ~3-33 above for details of establish- 
ing stow orders. 

t3-20.1. Tie Plates and Searings. Tie plat@s shall 
bear fully and uniformly on the ties, and bhe bearin@ 
on @a.ch lie &all br! in t.he same ple,ce. 
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Z-20.2. Curved and Straightened RaiLs. When 
available, use a bender to preeurve rails for sharp 
curves. &rvature must be uniform throughout the 
length of the r;lil. Straighten rails that have sharp 
crook or bendtl (para S-17.2\. 

.$20.3. Placement of Rail Acce.ssoties. Distribute 
bolts, spikes, tie plugs, t,ie plat~s, and rail anchors as 
&se ~9 possible to the site where they will be used, 
shortly before mil is laid, Do not put such articles on 
top oi ties or in cribs when track is in USC. 

3-21. Steps In laying Rds. 

Never lay more rails than can be properly secured 
during the day in which they are laid to prevent 
damaie to the rails or fastenings by normal t;raffiia. 
Utiliw mechanica\ devices to lay rail5 whenever 
posGble. J3’ t,his is not possible or pracf’ieablc, ex- 
treme care must be exercised by personnel to pre- 
cludt~ serious personal injury. Ltig and lowering of 
raik must be done with backs stfiisht. A check I& of 
the pertinent Steps in rail laying foIluWS: 

3&21,1. Tamp loose ties to provide a good bearing 
under the new rail. Follow standards for ~pildng and 
bolting, and apply neceswry rail anrhrrr? hefnre 
permittjng trains to p-s over the rail. 

3-21.2. See that in&ating joints in the track 
circuit are spiked and supported as soon s possible, 
w insulating fibers are easily damaged. 

341.3, Lay rails ono at a time. To insure good 
adjustment, bring mRi1 ends Rquarely r,ogether ayams 
,&t&k rail expansion goes. and boIt them before 

spiking. Under special conditions, certain departm’es 
from this plan .are pcrmissabk. In areas of heavy 
trafic, when trains cannot conveniently be diverted 
to other track, z&retches of rail not over 1,000 feet 
long may be boItec1 together. and lhen lined into 
place. Proper allowance for expansion must be main- 
tained (Table D-8, Appendix D); requisite s&l espaa; 
sion gages should remain in place until rails are set in 
fmal position. F$gnrr S-36 shows &section of rail being 
lined nK ties in preparation for relay. 

3-21.4. Never use switch pointa to make t,empomry 
C.onnectionts. This is a dangerous practice. 

&21.5. Provide holes for complete bolting of cut 
faiLs according t,o standard &Gg practices and the 
following rules: (1) New holes must be drilled (Figure 
3-X) or punched and not sMted, or burned with a 
torch. ‘l”h~ shull not be drilled bet.ween existing 
holes (para W7.8). (2) The distance from the end of a 
rail to the center of the fir& bolt hole should be At 
least twice the diameter of Ihe hole, (3) The distance 
between centers of any two holes of Che same size 
should be at least four times the dianWer of the hole: 
in t,he case of holes of &ffWent~ ~lizw. the distance 
should be at Ieast S-34 times the mean diameter of 
the two holes. 

%1..6. Paint the contact. surfaces of all rail ends 
and WJ& 1~s with a Iuticsnt equal to black 
lubricating oil just before laying the rails. 

S-21.7, Lnstall standard tietnl, fiber, or wool shims 
between the ends of adjacent rails to insure proper 
space allowance for expansion, as mdi&ttcrl m Table 
D-10. 

’ f/ 85 ,, 

/’ <a 





.3-21.8. Use a. spike maul or a mechanical or 
pneumatic spike driver (Figures 3-38 through <340) 
to drive spikes. Spikes IUURI. be vertilzal and s.wwe 
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with the rail. Stightening spikes as they ilre driven 
decrwwes the hoIdinff power. Hold rail against gage 
when spiking. 

- 
_ 
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3-21.9. Use four spikes per tie on tangent trackage 3-21.10. On curves with more than 6 degrees of 
and on curves with less than 6 degrees of curvature curvature (radius less than 955 feet) and at other 
(radius 955 feet or more). Spikes shall be staggered so critical points, use two spikes on the gage side of 
that all the outside spikes and inside spikes on the (inside) the rail and one on the field side (outside) (six 
opposite end of the tie are in relatively the same spikes per tie), when using tie plates. If tie plates are 
position in the tie, i.e., spikes should be in a “v” not used, place one spike on the gage side and two 
pattern with the “V” pointing in the direction of spikes on the field side. 
heaviest traffic. Spikes should be about 2 inches from 3-21.11. Drive spikes down snugly, but not tight 
the edge of the tie, except where tie plates are used, against the rail. A space of approximately l/8 inch 
in which case they are driven through the spike holes should be left between the head of the spike and the 
(Figure 3-39). base flange of the rail (Figure al). 

Fqure CI-& Proper spzke placement 

3-21.12. Gaging shall be done at least at every 
third tie when laying the second line of rail. 

3-21.13. Install rail anchors and gage rods, when 
required, before allowing traflic over new track. 

3-21.14. When necessary to make a temporary 
connection for the passage of a train, the union shall 
be made with a rail of the section being renewed. The 
closure rail shall not be less than 13 feet long, and 
shall be connected to the new rail by a compromise 
joint if the rails are of different sections. The connect- 
ing rail shall have a full number of bolts and the 
required number of spikes. 

3-22. Rail Joints. 
3-22.1. General Requirements. Rail joints should 

fulfill the following requirements: 
M2.1.1. They should connect the rails so that they 

act as a continuous girder with uniform surface and 
alignment. 

3-22.1.2. Their resistance to deflection should ap- 
proach that of the rails to which they are applied. 

3-22.1.3. Battered rail ends should be repaired by 
an approved method of welding and grinding. 
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3-22.2. Jointing. Lay rails so that the joints of one 
are opposite the middle of the other rail, with 
permissible variations as follows: 

M2.2.1. Except through turnouts and at paved 
road crossings, the staggering of joints should not 
vary more than 30 inches from the center of the 
opposite rail, preferably not more than 18 inches. 

3-22.2.2. Do not locate joints within the limits of 
switch points, opposite guardrails, or within 6 feet of 
the ends of open-floor bridges or trestles. 

3-23. Bonded Rails. 
Where highway or train signals are actuated through 
the track circuit, or where petroleum fueling facilities 
or ammunition loading points require grounding of 
rails, rails must be constantly bonded by pin-connect- 
ed (Figure 3X2) or welded bonds. The bonding may 
be applied to the outer side of the railhead, within the 
limits of the joint bars or outside of joint bars in the 
web of the rail. 

3-23.1. Pin-Connected Bonds. For pin-connected 
bonding, the following steps are required: 



3431.2, Do ml disconnect bonding wires or re- 
verse bonded rails without an electrical maintenance 
crc+nm present. In emergencies when a brrjken rail, 
switch, or frog neerls immediate repair; make aa tight 
a connection as possible, but notify the ele~M~;ll a~! 
comnmnication maintentic.e &f%Y?l~ at the fw*l powi- 
ble opportunity, 

323.2. Welded Bonds. Use approved methods for 
welding bonds in lieu of pin-connected bon& wherca it, 
is more practicd 

3-24. Cutting Rails. 

:ki4, I. Rsil SW, LManwfacturers’ instructions 

should he f~tIlowc~cl in the operation and maintenance 
rrf mechanical saws. General IUIVR that apply are: 
keep the machincz &an. inrj~4 at regular intervals, 
use propw adjuutmrnt, and see that the railroad 
maintcnant;e crew takes care in handling and 
operution. 

sfi.2. Rail C&is& When using a rail chi@l, the 
st,rikpr md the mm holding the chisel must not face 
each other. Both must wear presorihetl goggles. The 
&iwl nu~sFt hc shaq~ nrd the head properly rounded. 
Usp 3 sledge, nnt a spike maul. Plate the nil on a 

hlr& with the base of the txil up and the block a 
plipl71 did,ancc hehinrl t:he cut. Do all cutting 011 the 
base am1 the web of the radii. Do not rl!q rails to 
espe&te cutting; use the chisel until the cut in 
completed. 

3-25. Joint Bars. 
3-25.1. Installation. Joint bara arc installed with 

the full number of bolts, nuts, and spring washers. 
It& weighing over ‘75 lb&d are bolted so that nuts 
altenlate h&weeu the inside smd ~t~t~ide of l!he tmck 
(fi’i@lre 3-4). 
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.3-25.1.1. Keep joints tightly bolted to prevent 
injury to the rail ends. Use standard hand track 
wrenches (Figure .144) or a power wrench [Figure 3- 
45) as discusqcd below. 

3-25.3.2. Take up wear in fiahinp spaces of rail and 
joint barn by replacing bars. 

3-25.1.X 0il all track holts when installed and each 
tie they are tightened, It is recommended Chat bolts 
be oiled and checked at least nnce every 3 months, 

s25.2. Track-Holt Maintenance. The following 
practices am necessq to ntinttin track bolts: 

X-25.2.1. In applymg nuts on track bolts, the flat 
side of the nut should be placed next to the ~prinff 
Wdler. 

Z-25.2.2. The applied bolt, ten&m should be within 
a range of 20,000 to 30,OfN) pounds pm- bolt for the 
initia! tightening and within a range of 15,WO to 
25,000 pountls for subsequent tightenings. Use me- 
ctical torque wrenches set in accmrdanae with 
manufacturer’s instmctions. 

3-25.2.X Track bolts should he retightened a~ 
required, preferably one week and 1 to 3 months after 
the joint bars are apphed and at inter\& of 1 year 
thereafter. Amma retighteninF: of bolts in paved 
swcss may be tied based on ~yincr~ing judmnent 
and provided nondeatmctivP tests and visual iospec- 
tion axe &isfactor;\.. hZorc frequent tightening is 
unnecessary and therefoE unecoaomica1. Let;3 fr+ 
quent tightening rcquircs ton high :m npplicd bolt 
tension to c’any over the hger pWirJd. 

S-30 

3-26.2.4. CoProHion-resistant lubriiint. will be ap- 
plied to bolt threads prior t,o the appIicatitin of the 
nub. This will reduce the variation in thread friction 
and promote llhe unif%itit~ of tenGon obtained. 

3-26. Compromise Joints. 
Compromise joint,s !FiflIre 3-31) are used wherever 
raila of different weights or sections arc eonnwkd. 
The batw must. c.onform ta the weight and section of 
each rail at the connection. The mdntenance of 
compfmise joints is the same a~ for joint bsrs (para 
%z5L 

3-27. Spikes. 
FU7.1. 8pecificationn. All spiki?s u&d for replace- 

rilent, repair, and rehabilitatinn @hall canform to 
AREA St,andarda. They must be smooth and &xi&, 
w3h well-formed heads and sharp points and be free 
from nicks, cracks, or ragged edges. Bee Figures 2- 
10 and Table D-13, 

f627.2. 1Jse. The Ptandard 5/E+- Q G-inch spike is 
tied for all track spiking .except when tracks are 
being shimmed. Shimming ~&CP tie G inches plus 
the thicknese of the shim taken at l&inch intent&. 
NOTE: Smaller spikes may be required on 
lightweight nubotantlard rail. 

,3-27.X Location. Location of spikes s.hdl be in 
accordance with E’igure :%-$l. 



TM 5427/MO-103/AFM 91-33 

3-29.2. One-Direction lhffi’fir. See Figure Z?46 fbr 
plwwmcnt of anchors for one-direction traffic. With 
very few excepptitms, rail cseepage ifi in the direetioti 
of t,rz&?. ‘l’hr! amount of weepage will vary with tie 
kind of ballast used and with local conditions. Figure 
G17 shows tie skewing caused by rail creepage. A 
minimum of eight wnc-hors per m-foot Pail length ia 
recommended where the need exists. Additional .an- 
chore shall he r~,serl where needed. Rail anchors shall 
be spaced approSmately uniformly 4tlonp the rail 
length. To avoid skewed ties, the anchors shall be 
app!ieti against the parnc tie on opposite rails. To 
provide for occasion;11 reversal of traffic and to 
p-event excessive opening in ease of a broken rail, at 
Ieast lwo backup .anchors should also be applied per 
rtil lengt,h a,nd boxed in around the lie with two of the 
forward anchors near the quarter pints of the rail. 

3-29.3. Two-Way Traffic. Effectice anchorage is 
required where track conditions indicst.e a need to 
minimize the back and forth movement of r&ii1 result- 
ing in the churning and hunching of ties. This 
cymdition is uuua.Uy caused by train movements in 
b&h directions (Figure 34). The use of 16 rail 
anchors per B-foot rail length is recommended, eight 
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anchor to resist movement in each direction fqr 
balanced tmfiic. if t~he traffic is much lighter in one 
direction, the riumber of anchors used to resist 
movement in that direction may he reduced. Atldi- 
tional anchor will be used where neetled. The r;ill 
anchors should be spaced a~~protimalely unifnrmly 
along the rail length and .a@nst the same tie under 
oppo&e rails. The anchors to resist. movement in the 
two directions shall he pkced in p&s and hoxed 
around the sAme tie. The arrangement of rail anchor 
for both One- and two-directional fraffic is inclicakd in 
the diagram, Figure 3-H. It is import&t that the 
snc.hors be carefully applied and that they be in 
cont,sct and remain in contatct with the tie face. 

3-30. Gage Rods. 
Ga@ rods are recomniended Cu- use on aharp curves 
that-are difficult to hold to gage, and Where the track 
.may shift becaMe of unlitable raadhed conditions. 

3-32 

TWO to four roda tie used for each rail length, applied 
80 that the MAR WY at, right angles t,o Ihe rail and the 
jaws have a Err11 grip on the base of the rail. Some 
types of gage rode prevent rails from canting or 
tipping. Where tipping haP been encountered, this 
combination rod shall be ueetl to maintain alignment 
and gage under unfkorable conclitious. Cage rods are 
not required with concrete tiee.. 

3-31. Turnouts and Crossovers. 
3-31.1. General. The number of the frog in a 

turnOut dek7ignates the nomenclature of the turnout 
Fig-ure D-1) and generally est&liRhes: (1) length of 
switch points; (2) lead d&knee; (3) radius of lead 
curve; (4) Iendh of Lhe closure raily; and (51 number, 
length, and spacing of ties. 

331.2. Replacement. For purpofies of mainte- 
nance, the No. 8 turnout with a straight split switch, 
low Awitch stand, and solid manganese ,&f-guarded 



TM !&627/MU-103/AFM 93-33 



TM 5427/MO-103/AFM 9133 

frog (Figure 348) is standard for replacement pur- 
poses wherever possible. Weight factors of switching 
equipment, installation layout, and site conditions 
must be considered in determining frog require- 
ments. Under some circumstances, frog Nos. 7 
through 10 will be needed to fit specific requirements 

of installation railroad trackage. Figure 3-49 illus- 
trates a No. 8 turnout. 

331.3. Crossovers. A crossover consists of two l 
turnouts with track between, and it connects two 
adjacent and usually parallel tracks (Figure 3-50 and 

Figure ~50. Track formatims. 
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3-31.4. Location. Turnouts are located on tangent 
track wherever possible to minimize wear on switch 
points, frogs, and guardrails. When a turnout is from 
the imkle of a curve, the degree of curvature of the 
turnout is approximately its normal degree plus the 
degree of curvature of the main line; if from the 
outside, the degree of curvature of the turnout is the 
difference between these two. Thus, if a No. 8 
turnout was an angle of 12”24’23” is installed on the 
inside of a I-degree curve, the curvature through the 
turnout is equal to W24’23” plus 4 degrees, or 
16?24’23”. Safety against derailment and economy in 
maintenance require that turnouts be located so that 
the total curvature does not exceed 16 degrees. 
Figure 3-52 shows a turnout on the inside of a curve, 
and Figure 3-53 shows a typical ladder turnout 
installation. 

331.5. Position. To facilitate switching, it is desir- 
able that all turnouts to spur tracks lead in the same 
direction (Figure 3-53). 

3-31.6. Switch Ties. Switch ties are of the length 
and spacing specified in standard plans for the turn- 
out. Policies governing installation and maintenance 
of crossties apply to switch ties (para 3-10.2.). 

531.7. Switches. Lengths of switch points adopted 
as standard for various turnouts are as indicated in 
Table 3-2. Because a loose connection or a broken 
connection rod is a serious defect and is likely to 
cause a derailment, all connecting points and connec- 
tion rods require close inspection. The following 
instructions are supplemented and illustrated by the 
standard plans (Figures 3-18, 3-48, 3-49,3-54, 3-55, 
and 3-56). 

Table 8-2. Standard Swdch Pant Lmgths 

Number of Turnout 

15 
12 
10 
8 
7 
6 
4 

Length of Switch Point 
ft 

22-30 
22-30 
15-16.5 
15-16.5 
l&16.5 
11 
11 

331.7.1. Match switch points to weight and section 
of stock rail. When points are renewed, renew stock 
rail also, if necessary, to secure a proper fit. Connect 
points to the operating rod to provide ample 
flangeway between the open point and the stock rail. 
Check both switch points for this adjustment. The 
correct throw of the switch is 4-314 inches, with an 
allowable minimum limit of 4 inches or according to 
switch design. Mechanisms for throwing switches in 
paved areas should be adjusted to provide the maxi- 
mum throw permitted by the equipment. Provide all 

vertical bolts on switch connections with cotter pins, 
and place the bolts with nuts facing up. Center the 
slide and heel plates on the tie to provide a uniform 
bearing for the switch point. 

3-31.7.2. If switch point protectors are used, the 
bolts should be checked regularly and retightened as 
necessary or the protector will not provide adequate 
protection for the switch point. When wear makes 
repairs necessary, manufacturer’s instructions should 
be followed. 

3-31.7.3. Check each switch to determine that it 
operates freely, that points fit accurately, and that 
rods do not foul on ties or ballast. Keep all operating 
mechanisms clean and thoroughly lubricated. Keep 
the switch free of ice, snow, and debris at all times. 
Frequency of switch maintenance is discussed in 
Chapter ‘7 and should be an item on the installation 
work plan. 

3.31.7.4. Maintain surface, line, and gage through- 
out. Keep the gage side of the main track point in line 
with the gage side of the stock rail in advance of the 
point. Bend the stock rail with a rail bender at the 
proper place so that the point fits snugly against the 
rail when closed. Table 3-3 gives data on bends of 
stock rails for different lengths of switch points. 
Table D-l and Figure D-1 give data regarding 
various turnout& NOTE: In ground-level crane 
trackage switches, the rail in some switches will 
‘bow-up.” This is a “not serious” defect unless it 
causes binding or other difficulty in operation of the 
switch or the passing of a crane. Insure that ample 
flangeway is available between the open point of 
switch and the stock rail; this is controlled by fIange 
width of crane wheels using the track system. 

Table 8.3 Offsets for Bendtng Stock Rail 

Length of 
switch point 

ft. 

30 7-M l-7/8 
22 542 3-l/s 
16.5 S-114 348 
15 4-1116 %7/a 
11 5-m 548 

Diatanee of Bend Perpendicular Of&et 
Ahead of switch frumOrigklLine 

Point at 10 Feet from Bend 
in. in. 

331.8. Switch Stands. The switch-operating mech- 
anism consists of a hand-operated switch stand with 
throw lever and a connecting rod. The switch stand is 
placed on the two X-foot header ties at the point of 
switch. Where practicable, the switch stand is located 
on the right side of the track with respect to the 
normal direction of traffic. The switch stand is 
installed and maintained according to the following 
requirements: 
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Figure Y+w. Turnout on a cww. 

Figure 8-53. Ladder turnout installation. 



TM 5-627/MO-103/AFM 9133 

SWITCH LENGTM 

F’OINT OF SWITCH STOCK RAIL 

CURVED CLOSURE RAIL 

TWIN TIE PUTE 
STOCK RAIL 

Fqure 3-5.b Nomenclature of swttch parts 

3-31.8.1. Hand lever operates parallel to the track. 
3.31.8.2. Throw of stand is adjustable from 4-l/2 to 

5-l/2 inches; the adjustment is made so that each 
switch point has a throw of 4-3/4 inches. Throw of 
switch points should be a minimum of 4 inches. 

3-31.8.3. Center of stand is approximately 6 feet 6 
inches from centerline of track. 

3-31.8.4. Colored targets and/or distinctly shaped 
targets are provided to indicate switch points elearly 
at locations where such indications are necessary. 
Figure 3-57 shows the type of switch stand most 
commonly used on military installations; it may be 
used in paved areas. Figure 3-58 shows the type of 
switch stand that clearly shows the setting of the 
switch by high target. 

3-31.8.5. For night operations, switch targets are 
red and green reflectors or red and green lanterns 
mounted on the spindle. Green indicates switch nor- 
mal and red indicates switch reversed. 

331.9. Railroad Frogs. When necessary to pur- 
chase new frogs, the solid manganese self-guarded 
frogs (Figure 3-48) should be purchased; however, 
any supply of rigid bolted frogs on hand can be used. 
The above frogs should be used unless a variation is 
specifically authorized by a higher authority. The 
rigid frogs are preferred for all locations because of 
their maintenance free characteristics; however, the 
use of the turntable frog is mandatory for certain 

angles below 30 degrees, depending upon frog angle, 
curve radius, and flangeway width of crossing rail. 
Existing spring rail frogs should be replaced as soon 
as practicable with standard rigid frogs. When using 
standard bolted frogs, guard rails shall be installed to 
protect the frog point and assist in the prevention of 
derailments. Railroad frogs are installed in the fol- 
lowing manner: 

3-31.9.1. The frog number corresponds to the 
turnout number. 

-1.9.2. The frog is of the same weight and section 
as the rails through the lead. 

3-31.9.3. All frogs are fastened to switch ties by 
hook plates (Figure 3-59), fully spiked. Spikes will be 
kept fully driven; all bolts must be tight, and any 
broken bolts shall be replaced immediately. 

3-31.9.4. Correct line, surface, and gage shah be 
maintained. 

3.31.10. Guardrails. Guardrails are not required 
with solid manganese self-guarded frogs, except un- 
der special circumstances. Guardrails may be either 8 
feet 4-112 inches, one-piece manganese or 9 feet 5 
inches tee rail with fillers (Figures 3-60 and 3-61). 

3-31.11. Guardrail Placement. Requirements for 
guardrail placement are: 

3-31.11.1. Guardrails are placed in accordance with 
Figure 3-59 or 3-60, and Figure 3-62. 

3-37 
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3-31.11.2. The gage of guardrails at frogs must be 
checked frequently. Normally, the distance from the 
gage line of the frog to the flangeway face of the 
guardrail is 4 feet 65/8 inches (guard check gage); 
however, if curvature through turnout exceeds 8 
degrees, the distance must be 4 feet 6-314 inches 
regardless of track gage. The distance between the 
guard line of the guardrail and the guard line of the 
frog (guard face gage) should not exceed 4 feet 5 
inches (Figure 3-62). 

3-31.11.3. Ends of guardrails are placed on a tie or 
are otherwise protected to prevent loose or dragging 
objects from catching or fouling the rail. 

3-31.12. Derails and Rerails. Derails and rerails 
(Figure 3-63) must be kept in good operating condi- 
tion. Frequent observations should be made go see 

that the clearance point has not changed because of 
shifting or movement of running track. Derails are 
painted a bright chrome yellow to make them clearly 
visible. Rerail devices shown in Figure 3-63 are not 
permanent and should not be placed in track unless 
needed for rerailing cars. 

3-31.13. Clearance Marker. Where derails are not 
used, a chrome yellow strip 10 inches wide should be 
painted across the web and base of each rail of the 
connecting track at the clearance point, or other 
distinctive marker should be used (Figure 3-64). The 
markings or markers must be located at sufficient 
distance from cross or converging tracks to provide 
adequate clearance between standing or moving 
trains, or at road crossings to prevent standing trains 
or cars from fouling the intersection. 
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4 
ONE-PIECE QUARORAIL 

111” POINT OF FROG 

l/2” POINT OF FROG 

ONE-PIECE QUA 

DISTANCE FROM GAGE LINE OF FROQ TO FACE OF 
GUARDRAIL MUST SE 4’45/S” UNLESS CURVATURE 
THROUGH TURNOUT LEAD EXCEEDS 6 -60’. IN WHICH 
CASE IT MUST SE 4’-6-3N’ REGARDLESS OF TRACK 
GAGE 

AT ALL LOCATIONS, AS MUCM AS POSSIBLE OF TWE 
STRAIDMT PORTION OF THE QUARDING FACE OF-“= - 
GUARDRAIL. BUT NEVER LESS THAN TWICE TilE FR% 
NUMBER IN INCHES. MUST BE PLACED AHEAD OF THE 
FROG POINT “V’ OR ARROWHEAD PROJECTIONS ON 
BACK OF GUARDRAIL SHOW THE EXTENT OF 
+TnAM”T Dnl)TIAY 

Figure 8-62. Gage at guardnzils. 
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Cleomncc markers-l 2 
painted on both sides 

” long, 

CROSSING 

Centerlines of parallel 

tracks Ipaced to limit 
of minimum cleoronce. 
Clear distance between 

TURNOUTS, 

LADDER TRACK 

WITCH, 
CONVERGING TRACKS 

Fzgure s-64. Lmatums of clearance markers 

341 
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CHAPTER 4. 

SPECIFIC MAINTENANCE OPERATIONS 

Section 1. MAINTENANCE OF TRACK 

4-l. lining Track. 

Track is aligned at the same time it is surfaced. The 
“line” rail is always aligned and surfaced first, then 
the second rail. The line rail is the north or east rail. 

4-1.1. Horizontal Alignment. Existing systems, not 
conforming to grade and curvature standards, may be 
maintained as is, provided a record is on file describ- 
ing each deviation from the standard and necessary 
operating restrictions are imposed. Restrictions shall 
be tailored to each specific situation and may include 
such items as maximum speed, use of push bars, and 
maximum car/engine combination. To assist cars or 
cranes in tracking and to reduce wear on sharp or 
substandard curves, it is suggested that tracks be 
oiled. Track oilers may be installed on Government- 
owned locomotives operating over sharp curvatures. 

4-1.1.1. Railroad trackage. All curves shall have a 
designated degree of curvature. Curves with radii 
less than 300 feet or frogs No. 4 and below shall be 
approved by higher authority than the installation. 
The radius established by the activity is the base line, 
design, theoretical radius, or the radius that best fits 
the overall existing condition. Curve alignment that 
deviates from established uniformity more than the 
amount shown in Appendix B is considered defective. 
Spirals, as designed or as developed, shall have a 
smooth transition. 

4-1.1.2. Ground-Level Crane Trackage. Horizontal 
rail alignment of curved crane trackage shall be 
designed or laid out based on analyzing portal crane 
float requirements for traversing curved track. This 
analysis of required float can be compared to the float 
capabilities of all cranes to clearly define the problem 
areas. The problems may result in limited restriction 
of crane operation, reworking the running gear on the 
crane, or realigning the trackage. It should be noted 
that the available design float of a crane may not 
necessarily be operational. Curved crane trackage 
cannot be checked or lined using the string-line 
method described herein. 

4-1.2. Tangents. On tangent track, the line rail is 
brought to correct line by eye (Figure 4-l) or by use 

of a transit. The other rail is brought to line by 
correcting to proper gage. Figure 4-2 illustrates 
lining track operations. 

4-1.3. Curves. Lining of track on curves is more 
complicated because the curve must not only be 
uniform throughout its length, but, in most cases, an 
easement (spiral) into the curve must be provided 
from both tangents. 

4-1.3. Curves. Lining of track on curves is more 
complicated because the curve must not only be 
uniform throughout its length, but, in most cases, an 
easement (spiral) into the curve must be provided 
from both tangents. 

4-1.3.1. Compound or reverse curves should be 
provided with easements or spirals fom one curve 
into the other. 

4-1.3.2. A transit is employed and curves are 
staked out in laying out new work or in making major 
changes to an existing track layout. A transit should 
be used in laying out new work or when making 
major changes to an existing track layout. The string- 
line method can also be used, but is not recommended 
for new work or major changes. String lining is best 
used for determining the degree of curvature and in 
locating and correcting irregularities in the alignment 
of curves. Field operations and methods of calculation 
are as given in the AREA manual and Appendix F. 

4-2. Surfacing Track. 
4-2.1. General. Ail tracks shall be laid and main- 

tained to correct surface elevation. Surfacing out-of- 
face refers to raising the track structure to a new 
grade. Spot surfacing refers to raising low spots to 
the original uniform surface. Correct surfacing im- 
plies that a plane across the top of the rails at right 
angles to the rails is level on tangents and has the 
correct inclination on curves when superelevation 
(para D-2, Appendix D) is used. The track level is 
used in all surfacing work (Figure 4-3). 

4-2.1.1. Pay special attention to surface and line of 
track at ends and approaches to bridges, trestles, and 
culverts; through turnouts and crossings; and at 
platforms. 

4-l 
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Figure 4-l. “EyeballinrJ” track. 
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P2.1.2. Work against the current of traffic when 
raising track, except on heavy grades where it is 
desirable to work upgrade. 

4-2.1.3. Before raising track during hot weather, 
be sure that rails will not warp or buckle. Consider 
the amount of rail openings at joints, tightness of 
bolts, position of rail anchors, and amount of ballast in 
cribs and at ends of ties. Where there is danger of 
buckling, loosen track joints in both directions from 
the danger point to allow for expansion. 

4-2.1.4. In bonded-track territory, see that ballast 
clears the base of the rail to prevent leakage of 
current. Separate ballast and base of rail by a space 
of about 2 inches. 

4-2.2. Grade. Profile grades shall not exceed the 
design grade except as noted below. 

4-2.2.1. Railroad Trackage. Grades may be spot 
checked at random intervals with a hand level and 
rule. All grade changes shall be connected with a 
vertical curve. Switches may be installed on grade; 
however, no part of the switch should extend into a 
vertical curve. 

4-2.2.2. Ground-Level Crane Trackage. On exist- 
ing trackage with grades in excess of 1 percent, if 
cranes do not encounter acceleration or deceleration 

problems in traversing the tracks, no action is re- 
quired. However, if problems are apparent or if other 
deficiencies dictate complete replacement of the 
track, the criteria of 1 percent maximum grade shall 
be followed. Curves, switches, and frogs shall be on a 
level grade in order to minimize the possibility of 
derailment. NOTE: If existing grade is not level or if 
there is a difference in elevation of 1 inch between the 
inside rail and the outside rail, crane float shall be 
analyzed to determine whether the wheel flanges will 
clear the rail and permit the truck assembly to swivel 
and cause derailment. Observing the position of the 
wheel flanges in relation to the top of the rail will 
reveal areas that may become critical. If wheel 
flanges clear the top of the rail, extreme caution must 
be taken during operations and immediate action 
initiated to correct the deficiency. The area in ques- 
tion should be classified as critical and well marked so 
that all crane operators and crews will be cognizant of 
the deficiency. 

4-2.2.3. Elevated Crane Trackage. The rail should 
be kept near level grade. The rail gradient must be 
kept below the slope that will cause the crane to roll 
freely and present problems in starting or stopping 
the crane. 

Figure 4-8. Sufitng tmck with a lavl~ng beam 
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4-2.3. Cross-Section Elevation. Vertical differ- 
ences between rails shall be within the limits shown 
in Appendix B. 

4-2.3.1. Railroad Trackage. On curved trackage 
with designed superelevation, the outside rail shall 
not be lower than the inside rail and the maximum 
cross-section elevation differences shall be within the 
limits shown in Appendix D for the designed supere- 
levation based on degree of curvture and speed. On 
curved trackage in industrial areas traversed at low 
speeds, superelevation is not required. 

4-2.3.2. Ground-Level Crane Trackage. When the 
difference in elevation between the elevation of the 
inside rail and the outside rail exceeds 1 inch, the 
crane float shall be analyzed and appropriate action 
taken. 

4-2.3.3. Elevated Crane Trackage. The cross-sec- 
tional difference in elevation of rails shall not exceed 
the limits established by the activity based on engi- 
neering judgement for each specific trackage system 
or the tolerance recommended by the manufacturer 
when known. 

4-2.4. Hand Jacking. There are two methods of 
surfacing track with track jacks: one is used where 
the lift is less than 2 inches, and the other where the 
lift is more than 2 inches. The two methods are 
discussed below: 

4-2.4.1. In starting a raise or lift of less than 2 
inches, jacking points should be spaced 8 to 12 feet 
apart. Place the iirst jack approximately 10 feet 
ahead of starting point of the raise. Place the second 
jack 10 feet ahead of the first jack. Raise both jacks 
to give an even grade from the starting point to the 
second jack. Tamp the ties to a point approximately 
halfway between the jacks. Bring the other rail to 
proper surface with the aid of the track level. Then 
move the first jack about 10 feet ahead of the second, 
raise the rail at that point, and tamp the ties halfway 
between the jacks. Follow the same procedure to 
bring the other rail to proper surface, using the track 
level to determine the amount of lift. 

4-2.4.2. To lift the track more than 2 inches, locate 
both jacks as above, but reduce the spacing between 
jacks to avoid permanent bending of the rail. Raise 
the I%&. jack to bring the rail to grade between 0 and 
1. Then raise the second jack enough to provide 
reasonable runoff between the new grade and the low 
spot. Tamp ties to a point approximately one-fourth 
the distance between 1 and 2. Raise the second jack 
to bring the rail to proper grade, and move the first 
jack ahead the proper spacing. Tamp as before, and 
continue the same operations through the full length 
of track to be raised. 
CAUTION: In both methods, jacks must be placed 
ahead of rail joints to prevent strain on joint bars 
(Figure 4-4). 

4-2.4.3. In raising or surfacing track, the inner rail 
on curves and the line rail on tangents are the grade 
rails. Bring them to surface with the aid of the spot 
board, or refer them to grade stakes. Bring the 
second rail to surface with the aid of the track level. 

4-2.4.4. Bring both rails to grade, tamp ties, set tie 
plates, gage track, and drive spikes fully before jacks 
are moved ahead. 

4-2.4.5. Place track jacks in cribs between the ties 
outside the rail, and set them true vertically. If jacks 
are to be placed between rails, set them in trip 
position, and provide flag protection. 

4-3. Tamping. 
Systematic and -uniform tamping is of great impor- 
tance in maintaining correct surface and line. See 
Figures 3-7 through 3-9 and paragraph 3-6.3. 

p3.1. Tools. Pneumatic, electric, gasoline, or other 
mechanically operated or hand tampers may be used 
for tamping. The type of tool varies somewhat for 
different materials as follows: 

4-3.1.1. For broken stone, crushed and washed 
gravel, or slag ballast, use a tamping pick or bar, 
ballast spade, or power tamper. Power equipment 
will be fitted with a tool having an end similar to a 
tamping pick face or vibratory tool. 

4-3.1.2. For gravel, chats, or chert ballast use a 
shovel, ballast fork, ballast spade, tamping pick, 
tamping bar, or power tamper. For heavy traffic, a 
tamping pick, tamping bar, or power tamper should 
be used. With a power tamper use a tamping tool 
with a tamping end of sufficient. area. For light 
traffic, shovel tamping is sufficient. 

4-3.1.3. For spot tamping, tamping picks, ballast 
forks, ballast spades, shovels, tamping bars, or power 
tampers may be used. 

4-3.2. Methods. After the track has been raised on 
jacks to a true surface, pack ballast &mly under the 
ties. Tamp so that a tight bearing is obtained between 
the tie and the raised rail, but without disturbing the 
surface. The following tamping methods apply: 

4-3.2.1. Tool Positioning. Regardless of the kind of 
bal.last or the kind of power tamper used, two 
tamping tools must always be worked opposite each 
other on the same tie. Start power tampers from a 
vertical position, and use them directly against the 
sides of the tie to be tamped. Work downward past 
the bottom corner, after which the tools may be 
tipped down to force the ballast directly under the 
tie. 

4-3.2.2. Tamping Distances. In tamping ties, &foot 
crossties should be tamped from 12 inches inside the 
rail to the end of the tie, 8-foot Binch crossties should 
be tamped from 15 inches inside the rail to the end of 
the tie, and g-foot crossties should be tamped from 18 
inches inside of the rail to the end of the tie. 

4-4 
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Figure 4-4. Jacking rail. 

4-3.2.3. Cautions. Omit tamping at the center of 
the tie, between the above stated tamping limits, but 
this center area should be filled lightly with a ballast 
fork. Both sides of the ties must be tamped simulta- 
neously, and tamping inside and outside the rail 
should be done at the same time. 

4-4. Gauge Measurements. 
Check gage of track at least annually and more 
frequently when the volume of traffic or local condi- 
tions warrant. Gage for railroad trackage is measured 
between the heads of the rails at right angles to the 
rails in a plane 518 inch below the top of the railhead. 
Gage for crane trackage is measured center to center 
of railhead. 

U.l. Railroad Trackage.. 
4-4.1.1. Tangent Tracks and Curves. The standard 

gage of 4 feet %1/2 inches is used for tangent track 
and on curves up to 8 degrees (Figure 4-5). On curves 
over 8 degrees, the gage is increased l/8 inch for each 
increment of 2 degrees to a maximum of 4 feet 9-l/2 
inches, by moving the inside roll. The rate of change 
from standard to widened gage is l/4 inch in 31 feet 
along the spiral curve or tangent adjacent to the 

curve, unless physical conditions do not permit the 
normal transition. The l/4 inch in 31 feet rate of 
change from standard gage to widened gage for 
curves is a design standard and not trackage inspec- 
tion criteria. 

4-4.1.2. Turnouts and Crossovers. At turnouts and 
crossovers on curved track, the gage of the parent 
track is determined from the degree of curve, as 
described above. The degree of the turnout curve is 
determined by the algebraic sum of the two curves, 
i.e., curve of the turnout plus or minus the curve of 
the main track (para 3-31.4.), and the gage adjust- 
ment is made accordingly. 

4-4.1.3. Ground-Level Crane Trackage. The gage 
on curved trackage shall under no circumstances 
require more lateral float than the crane can provide. 

4-4.1.4. Elevated Crane Trackage. The gage of 
trackage shall be held within the tolerances specified 
by the crane manufacturer or as computed from the 
existing crane wheel spacing. 

4-4.2. Limiting Factors for Corrective Mainte- 
nance. Variations in gage within the limits shown in 
Appendix B are acceptable, provided there are no 
alignment, attachment, or foundation defects which 
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would cause the train to start excessive or abnormal 
rocking or bouncing. Variations in gage and wide 
gage transitions are not serious provided the changes 
are relatively uniform and constant over two stan- 
dard rail lengths, the fastenings secure, and the 
alignment within prescribed limits. Wide gage, 
caused by worn rail should be corrected by closing in 
or by interchanging the low and high rails. 
CAUTION: Interchanging the low and high rails can 
cause failure due to the change in stress location. 

ti.3. Procedure for Regaging. The standard track 
gage is used in correcting gage. It will be checked 
frequently and replaced when it shows a variation of 
l/8 inch or more. All spike pulling and driving is done 
on the rail opposite the line rail. The gage is not 
removed until all spikes have been driven. Spikes are 
pulled with the standard claw bar (Figure 4-6) or 
spike puller (Figure 4-7). At switches, frogs, and 
guardrails, where the claw bar will not fit between 
rails, the spike puller extension is used. Creosote- 
treated tie plugs are driven in all spike holes before 
respiking. Corrections to gage shall not be made by 
striking the head of the driven spike toward the rail. 
Spikes shall be removed, rail lined to gage, and spikes 
redriven. 

4-5. Spiking. 
Spiking will follow the standards set forth in para- 
graph 3-21, steps h through k. 
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4-6. Rules for Turnout Installation. 

See paragraphs 2-2 and 3-31 for general discussion 
and Figures 2-l through 2-14 for descriptions. Turn- 
outs, crossovers, and their appliances are placed and 
maintained in accordance with standard plans and the 
following rules: 

4-6.1. Locate point of frog and point of switch. 
4-6.2. Relocate any main-track rail joints that come 

within the limits of switch point or guardrail. 
4-6.3. Cut the lead rails, bearing in mind that the 

turnout lead is longer than the main-track lead. 
4-6.4. First, put in headblocks and gage plate or 

two side plates, then all ties for the switch point and 
frog, and their slide plates, braces, heel plates, and 
guardrail plates. The plates and braces for the 
unbroken line or rail are lined and fully spiked in 
position, whereas those on the turnout side are held 
in place temporarily. 

4-6.5. Bend a rail for the turnout stock rail 
according to the data shown in Table 3-3, para- 
graphM1.7.d. 

4-6.6. Couple the stock rail, main-track switch 
point (heel block to be placed later, if used), lead 
rails, and frog, on the ends of ties on the turnout side, 
doing such cutting and drilling as may be necessary to 
complete the main track from the point of the switch 
to the heel of the frog. 

Figure 4-6. Pullzng spikes with a claw bar and erfens~on. 
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Figure 4-7. Power opemted spike puller. 

4-6.7. Take out the old main-track rail; set in the 
turnout parts in the following order: (1) place stock 
rail and switch point, (2) place the lead rail and frog, 
(3) make connections at the heel of the frog and at the 
stock rail, (4) spike frog to exact gage at the heel and 
the toe point, (5) place joint bars and tighten bolts, 
and (6) complete spiking from the frog to the heel of 
the switch point. 

4-6.8. Do not permit train movement over main 
track until the guardrail has been correctly placed 
and spiked, all switch plates on the turnout side have 
been fully spiked in correct position, the switch point 
has been spiked against the stock rail, and the free 
end of the stock rail fastened to prevent movement. 

4-6.9. In applying the switch plates on the turnout 
side: (1) see that gage is correct 12 inches ahead of 
switch point, and (2) put slide plates on tie where 
switch point begins to taper. 

4-6.10. Adjust stock rail so that it does not bind 
against switch point and cause it to open. (To test 
this, operate the switch point and see that point 
touches the stock rail first.) Spike these slide plates, 
Install and spike remaining slide plates and braces, 
working each way from the center. 

4-6.11. When putting on slide plates, use a bar (not 
a pick), and do not attempt to draw the gage with a 
spike. 

4-6.12. Put in the remaining switch ties, and line 
and surface main track. 

4-6.13. Couple switch point for the turnout lead, 
set lead rails, and spike turnout lead to proper line for 
turnout curve. 

4-6.14. Complete the work by setting the remain- 
ing guardrail (and switch-point guardrail if staggered 
switch points are installed), setting and adjusting the 
switch-operating mechanism, checking the line, gag- 
ing, spiking, and surfacing. 

4-7. Shimming Track. 

4-7.1. General. Heaving of track in winter and 
spring months is generally an indication of poor 
drainage or poor ballast conditions, which must be 
corrected as soon as frost leaves the ground. Until 
the cause can be eliminated, heaving can be corrected 
temporarily by using shims to raise the rails on either 
side of the high spot, thus providing an easy grade 
(Figure 4-g). The length of this temporary raise is 
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called the runoff. NOTE: Criteria for maximum 
runoff are contained in Appendix B. 

4-7.2. Methods. When shimming is necessary, it 
will be done so a8 to provide easy and safe runoff 
gradients. When one side of the track is heaved more 
than the other, proper cross level will be restored 
when shims are installed; care must be taken on 
curves to maintain proper curve elevation. Heaved 
ties will not be adzed or otherwise cut to lower their 
height; shimming under ties is prohibited except in an 
emergency, in which case the shims shall be removed, 
and the condition otherwise taken care of as soon as 
possible. 

4-7.3. Rules for Shimming and Bracing. When 
installing shims, the track level and gage will be 
used to insure proper gage and surface. 

4-7.3.1. Before a shim is placed on a tie, all spike 
holes in that tie must be plugged with treated wood 
tie plugs, the tie shall be free of ice, snow, and other 
obstructions within the area of the shim, and full bea 
ring of the shim on the tie shall be provided. 

4-7.3.2. Two shims of the same length will not be 
used together under one rail on a tie. One 12-inch 
shim may be used on top of a 24-inch or on top of a 3- 
foot 6-inch shim. One 24-inch shim may be used on top 
of a &foot 6-inch shim. One 24-inch shim may be used 
on top of a 24-inch shim that has been placed on top of 

i 

a 3-foot B-inch shim. Where possible, use only one 
shim. Where two shims are required, the lower shim 
must be of maximum thickness. Where three shims 
are required, the two lower shims shall each be of 
maximum thickness. 

4-7.3.3. When tie plates with special shallow base 
patterns or with shallow ribs on their bases are in 
use, they should be installed on top of shims. When 
tie plates with deep ribs on their bases are in use, 
they should not be installed on top of shims. Shims 
shall never be installed on top of tie plates. 

4-7.3.4. In all cases where a 12- or 24-inch shim, or 
a 12-inch on top of a 24-inch shim, is installed, all 
spikes used shall be long enough to provide a mini- 
mum penetration of 4 inches in the tie. In all cases 
where a 3-foot g-inch shim is installed, it will be 
properly and independently spiked to the tie with 7- 
1/2-inch shimming spikes. In all cases where a 12- or 
24-inch shim is installed on top of a 3-foot g-inch shim, 
all spikes through the shorter shims shall be long 
enough to go through the 3-foot g-inch shim and have 
a minimum penetration of 1 inch in the tie. 

4-7.4. Precautions. 
4-7.4.1. Driving shims at an angle between the 

spikes weakens the track and is prohibited. Shims 
shall be placed squarely on top of the tie and the 
spikes driven through the holes provided. 

4-9 
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4-7.4.2. Wood or other types of rail braces should 4-7.5. Reestablishing Normal Surface. As the frost 
not be used where shimming is done on tangent track leaves the ground and the heaved places return to 
or on curved track equipped with shoulder tie plates their proper level, the shimming may be reduced 
of a type that is to be used on top of shims. Where from time to time in order to maintain proper surface. 
shimming is done on curved track not yet equipped When the frost has left the ground, all shims shall be 
with tie plates, or equipped with shoulder tie plates of removed without delay from the track and any 
a type that will not be used on top of shims, wood or imperfect surface corrected. Removed shims and 
other approved rail braces shall be installed with the shimming spikes should be carefully preserved for 
Shims. future use. 

Section 2. MAINTENANCE OF TRACK IN STREET CROSSINGS AND IN PAVED AREAS 

4-8. General. 
Prompt attention must be given to correcting defi- 
ciencies as they occur at crossings and around tracks 
in paved areas. The maintenance of the track bed and 
trackage will be the same as that outlined in the 
foregoing chapter8 and sections, except that inspec- 
tion will be more difficult and additional maintenance 
is required for the paving, planking, etc., to insure 
smooth and safe operation of vehicles in the area. 
Because track maintenance in paved areas is more 
costly and time consuming, materials supporting and 
contained in the track structure must have as low a 
maintenance potential a8 possible. For that reason, 
materials that will resist deterioration and changes in 
grade and gage are recommended. 

4-9. Drainage. 
Drainage is critical. It can present more problem8 at 
crossings than at other points on a railroad. Catch- 
basins, gutters, ditches, pipe drains, and/or culverts, 
as appropriate, must be provided to intercept and 
divert both surface and subsurface water at de- 
pressed or downhill crossings. Base materials under- 
lying tracks and pavement must be of appropriate, 
well-graded, granular materials; pavement surface8 
must be adequately crowned and sloped to direct 
water into the catch-basins and ditches. Additional 
information on drainage is included in Section 3 of this 
chapter. 

4-10. Ballast. 
Ballast under a properly maintained pavement or 
crossing normally requires little or no maintenance. 
However, if the ballast is not installed properly on a 
good foundation in the beginning, or if the surface 
over the ballast permits infiltration of water, silt, and 
other debris, the ballast can become fouled and 
interfere with the drainage. If the track through the 
crossing is not well ballasted, or if the ballast is 
fouled, the ballast and subballast should be removed 
not less than 2 feet below the bottom of the ties, not 

leS8 than 2 feet beyond the ends of the ties, and to the 
first rail joint away from the crossing and replaced in 
accordance with criteria set forth in Chapter 3, 
Section 2. 

611. Ties. 
The condition of crossties under crossings or pave- 
ment cannot be determined without removing the 
crossing materials or paving. If untreated ties were 
originally installed, they may be seriously damaged 
by insect attack or decay in a short period of time 
(Figure 4-9). The first indication of tie failure may be 
settling of the rails or paving or a change in track 
gage. When tracks are tom up to replace the ties, it 
not only interferes with train operations, but also 
with the use of the area or crossing by vehicular 
traffic. When the trackage has been uncovered for 
repairs, the whole trackage system in the crossing or 
paved area should be brought up to proper condition. 
Drainage and ballast should be investigated and 
replaced or restored before the new ties are installed. 
Also, all the ties should be replaced at this time. 
Normally, g-foot treated wood ties are used through 
the limits of a crossing. However, concrete ties 
should be considered when replacement is needed 
because they require little or no maintenance and 
hold the track in gage. 

4-12. Rail. 

As a general rule, bolted rail joints are not allowed 
within a crossing. Where crossing widths and rail 
lengths are such that joints have to be included, they 
shall be properly welded. The nearest bolted joints 
should be at a minumum of 6 feet outside of the 
crossings. Every precaution must be taken to insure 
adequate and continuing bonding of rail through the 
crossing. All rail and metal fittings used within a 
crossing shall be given a coating of an approved rust 
inhibitor. Rail shall be gaged and lined accurately and 
double spiked to the ties. The ballast under the track 
shall be solidly tamped to bring the track to grade. If 
concrete ties are used, the rails will be firmly bolted 
to the ties and the track then brought to grade. 
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Figure 4-9. Ties decayed under paved area. 

4-13. Crossing Surfaces and Materials. 
4-13.1. General. Crossing surfaces must be as 

smooth as possible, and the materials selected for this 
purpose must be suitable for the type of traffic using 
the crossing. Although it may be desirable to match 
the material and texture of approach pavements, 
consideration must be given to a material and an 
installation that is economical to maintain and that 
will have a long service life. Materials such as 
Portland cement concrete or bituminous concrete are 
economical to install, but are costly to remove and 
replace. Wood plank and prefabricated materials may 
be a little more costly to install, but are removable 
and reusable and therefore are more economical to 
use in the long run. Further, because they are easily 
removed and replaced, they facilitate the inspection 
of the track. In plank-type crossings, the flangeways 
are often open down to the ties, which exposes the 
subgrade and ballast to the water, silt, and debris 
that flow to this opening. Regardless of the materials 
used, flangeways must be provided, 2-l/2 inches for 
tangent and nominally curved track. On curves over 8 
degrees, the flangeways must be widened to 2-314 
inches. Rubber and plastic crossing pads and rubber 
flangeway fillers are available for some types of 
crossings and should be installed, especially in areas 
where small-wheeled vehicles use the crossing. 

4-13.2. Street and Highway Crossings. Street or 
highway crossings should be at least 4 feet wider 
through the crossings than the width of the approach 
pavements (Figure 4-10). When the corssing has to 
be repaired or replaced and the crossing is the same 
width as the approach pavements, the crossing width 
should be extended 2 feet on each side. The additional 
width is necessary to reduce the hazards of vehicles 
running off the sides of the crossing (Figure 4-10). 
The most frequently used crossing materials are 
listed below: 

4-13.2.1. Bituminous Concrete. Where traffic is 
light, the entire crossing may be constructed by 
bituminous concrete. In very light traffic areas, the 
flangeways may be formed by running the locomotive 
wheels through the hot mix tier it has been placed 
and rolled (Figure 4-11). Some finishing may be 
required to smooth the material that has been shoved 
out of the flangeway. However, at crossings with a 
high volume of traffic or heavy truck traffic, a 
flangeway guard is needed to protect the edges of the 
asphalt section between the rails. The guard may be 
constructed of wood (Figure 4-12). Metal flangeway 
guards may be fabricated from used rail (Figure 4-13) 
or purchased from commercial sources (Figure 4-14). 

4-13.2.2. Portland Cement Concrete. Constructing 
a crossing with cast-in-place concrete requires closing 

4-11 
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Figuse d-lb. Metal flangeway guard. 

the crossing or limiting vehicular traffic to one lane 
during construction and concrete curing. This type of 
crossing, however, provides a smooth riding and 
durable surface (Figure 4-15). A poured concrete 
crossing is costly to remove and replace. 

4-13.2.3. Precast Concrete Planks. This type of 
material provides a long-lasting surface for all vol- 
umes of traffic. Several types of Portland cement 
concrete planks are available on the market for this 
purpose. Special care must be taken to insure even 
support throughout the length of each plank. Figure 
4-16 gives plan and section views for a typical 
installation; Figure 4-17 shows a typical installation. 
Some types of precast concrete crossings are avail- 
able with rubber fillers for the flangeway (Figure 
4-18). 

4-13.2.4. Wood Plank Crossings. This type of 
crossing has been successfully used for many years. 
Treated timber will last for a long time, but may 
require retightening of lag screws from time to time 
as they will become loose as the timbers flex under 
traffic. A well-maintained wood plank crossing is 
shown in Figure 4-19. 

4-13.2.5. Prefabricated Rubber Planks. Prefabri- 
cated rubber planks provide a smooth riding, durable, 
and maintenace-free crossing. A typical installation is 
shown in Figure 4-20. This type of crossing, as well 
as other prefabricated types, is salvageable and can 
be reused.. 

4-13.2.6. Modular Plastic Crossings. Modular plas- 
tic CIYISS~~~S are durable, smooth riding, and practi- 

4-14 

tally maintenance free. The sections are molded and 
if a section is damaged, it can be replaced without 
disturbing any other sections (Figure 4-21). 
Used rail crossings are slippery when wet and do not 
afford a smooth ride to small-wheeled vehicles. 

4-13.2.7. Used Rail. Crossings have, on occasion, 
been fabricated from rail that has been worn beyond 
further use in the track system (Figure 4-22). These 
rails, which should be the same weight as the running 
rails, are laid side by side, head up, between and 
parallel to the running rails with adequate flangeway. 
Used rail crossings are slippery when wet and do not 
afford a smooth ride to small-wheeled vehicles. 

4-13.2.8. Two-Component Epoxy and Rubber. A 
poured in place two-component epoxy combined with 
rubber is available which seals the ballast from 
intrusion of water. This type crossing is expensive. 

4-14. Track in Paved Areas. 
The type of vehicular traffic, in particular the size of 
wheel and type of tire, determines the type of 
material and construction used adjacent to and be- 
tween rails in paved industrial areas. Normally, cast- 
in-place Portland cement concrete or asphaltic con- 
crete pavements are used with flangeway guards 
appropriate for the vehicular traffic (Figure 4-23). 
Where small-wheeled, solid-tired vehicles are used, a 
rubber flangeway filler is recommended. Flangeways 
may also be formed by the use of girder rail (A in 
Figure 4-23) through the crossing or pavement, or by 
placing used rail on its side with the head against the 
web of the running rails (B in Figure 4-23). 
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Figure L-15. Cast-in-place co1LcrdB crossing. 

Fqpwe h-16 Precast emmete slab cmsswg 
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Figure .b-17. Precast conzrete plank cnxwing. Figure 4-18. Precast cone& plank with rubberflangeway filler. 
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Figure 6-19. Timber crossing. 
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Figure .&PO. Rubber plank croswng. 
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Fzgure h-23. Trackage in paved area. 
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4-15. Signs and Signals. 

Crossing sign and signal maintenance must be given a 
high priority to assure legibility and visibility. 

4-15.1. Highway Crossing Signs and Signals. Stan- 
dard highway-railway grade crossing signs are shown 
in Figure 4-24, a crossing signal in Figure 4-25, and 
location of signs and signals in Figure 4-26. For 
details of appropriate types of crossings and signals, 
see DOT Manual on Uniform Traffic Control Devices, 
Bulletin No. 6 of the Association of American Rail- 
roads (Railroad-Highway Grade Crossing Protec- 
tion), and Chapter 9 of AREA Manual. 

4.15.2. Maintenance of Signal Circuits. Electric 
and/or electromechanical signal inspection and main- 
tenance should conform to AREA requirements and 
to manufacturer’s recommendations. Circuit continu- 
ity checks, battery water level observations, trickle 
charger operating tests, relay point checks, light bulb 
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tests, and related checks and inspections must be 
made periodically as specified or required by the 
installation’s maintenance program or the serving 
railroad. Indicated defects must be corrected 
promptly. 

4-15.3. Signal Cables. Signal cables are buried 
around main track switches and signal locations. 
Cables are buried at toe of ballast between instru- 
ment housing, switches and signals in the track 
circuit system territory, at interlocking plants, and at 
switches equipped with electric locks, as well as 
automatic block signal location. Maintenance employ- 
ees working on roadbed at these locations should be 
informed by signal forces as to exact locations of 
these cables. Machine operators must exercise care to 
avoid damage to underground cables at these loca- 
tions. In case of doubt as to location of cables, do not 
work digging machines within interlocking home 
signal limits. 
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4-l 6. General. 
Good drainage is the most important single factor in 
roadbed maintenance. To provide maximum support 
for the track structure, subgrades should be kept as 
dry and stable as possible. Poor drainage not only 
affects the roadbed and the underlying earth struc- 
ture (Figure 4-2’7) but also the side cuts and other 
track side areas. Where drainage deficiencies occur 
that cannot be corrected by normal maintenance 
practices, engineering assistance will be requested. 
Open ditches and pipe drains shall be maintained to 
function at maximum capacity. Weed control and 
efficient methods of ice control and snow removal are 
important factors in conjunction with water runoff. 
Inadequacies in the original drainage system shall be 
corrected as they become evident. 

4-17. Inspection and Repair. 
Alert, methodical, and timely inspection, with prompt 
correction of large and small defects, is necessary for 
the economical maintenance of drainage systems. The 
object is to preserve the original track and roadbed 
section by preventing obstructions that tend to divert 

Section 3. MAINTENANCE OF ROADBED 

or impede the flow in the drainage system. Emergen- - _ 
cy repairs to drainage systems must be made when 
conditions require such action, but a general program 
of repairing and cleaning should be conducted annual- 
ly, preferably in the spring or after periods of unusual 
storms or rainy weather. 

4-l 8. Subsurface Drainage. 
Water falling on ballast soon soaks through to the 
subgrade. Impervious subgrade not properly graded 
so that the water will drain off to the side ditches will 
cause pools to form, which soften the subgrade, 
resulting in low spots in the summer and possible 
heaving in the winter. Poorly drained subgrades are 
reflected in poor track surface. Resurfacing or raising 
track instead of providing proper subdrainage is only 
a temporary measure. Slopes for drainage may vary 
from 1 inch in 2 feet to 1 inch in 5 feet. The only 
remedy to eliminate wet spots is to reshape the 
subgrade so that water will flow toward the ditches. 
Also, stabilization can be obtained by cement-subsur- 
face grouting (Figure 4-28). If the trouble is localized 
in a very small area, subdrains may be used to drain 
off the excess water. 

. 

Figure 4-27. Ditches fouled by silt and vegetatzon 
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Figure 4-28. Cement grouting soft roadbed. 

4-l 9. Surface Drainage. 
All surfaces must be sloped toward the drainage 
systems, and slopes maintained to minimize erosion 
during runoff. Drainage ditches and structures shall 
be kept in condition to dispose of runoff quickly. 
Obstructions that cause water to remain in pools shall 
be removed. Erosion of ditch sides and bottoms can 
be controlled by lining them with native grasses or by 
check dams, riprap, or pavement. 

4-19.1. Ditch Maintenance. Where ditch mainte- 
nance is a constant problem because of faulty design 
or construction, permanent corrective measures may 
be required. For example, if the gradient is unsuit- 
able, the ditch may scour (too steep) or may accumu- 
late silt (too flat). Unchecked growth of vegetation 
(Figure 4-27) obstructs water flow and raises the 
water level in the ditch. This water can penetrate and 
soften the roadbed or restrict the drainage of the 
roadbed. Some soil wears away readily, and the 
slopes are eroded by rainfall and undermined by the 
flow of water in the ditch unless the gradient is 
correct and the streambed clear. Erosion of the ditch 
side slopes increases the silting in the ditch (Figure 
4-29). Therefore, the side slopes must be stabilized or 
flattened to reduce erosion. Maintenance and repair 
measures must be determined to fit existing 
conditions. 

4-19.2. Causes of Drainage Failure. Causes of 
failure have been mentioned generally in the preced- 
ing paragraphs. The following describe these causes 
in more detail. 

4-19.2.1. Erosion. Erosion occurs when the veloci- 
ty of the water or wind on the slope of an embank- 
ment or ditch causes the water to dislodge the soil 
from these areas and carry it away. The degree to 
which the velocity affects the ditch and side slopes 
depends upon the stability of the soil or the protection 
it has been given by additional stabilization. Loose, 
sandy, or silty soils are easily eroded at almost any 
velocity. Such soils must be stabilized by vegetative 
cover or often by riprap or concrete blankets. Riprap 
or concrete blankets have to extend sufficiently below 
the ditch bottom to prevent undermining. The most 
satisfctory solution to erosion control is to flatten the 
slope to reduce the velocity of the water to the rate 
that will keep erosion to a minimum and yet prevent 
unacceptable silting. This may require reconstruc- 
tion, such as installing check dams or flattening the 
slope, that is beyond the scope of maintenance. 

4-19.2.2. Lack of Drainage. When drainage is 
inadequate, unwanted water remains in the roadbed 
long enough to soften the subgrade. Dirty ballast can 
reduce the drainage of water as effectively as a 
stopped drain. Improperly shaped subgrade or pock- 
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eta that have developed in the subgrade can impound 
water to the detriment of the track system. Sub- 
drains may become clogged, or the buildup of silt in 
the adjacent ditches will reduce the flow of water 
from beneath the track structure. Besides weakening 
the subgrade, trapped water during the winter can 
cause heaving. If this water freezes, it further 
retards the drainage which increases the problem 
(Figure 4-30). 

4-19.3. Corrective Measures. Where it can be used 
effectively, offtrack power equipment gives more 
economical results for the cleaning of intercepting and 
drainage ditches than other methods. Handwork may 
be necessary where equipment is not available or 
where conditions prevent access of mechanical equip- 
ment. Ditching of ordinary material in side ditches in 
cuts may be subdivided into two principal classes, 
shallow cuts and deep cuts. 

4-19.3.1. Shallow Cuts. Ditching in shallow cuts 
can be done with road graders that are equipped with 
blades for shaping ditches and slopes, by draglines, or 
under some conditions, by tractor-drawn scrapers. 
Such ditching shall not be done by hand where the 
magnitude of the work justifies the use of heavy 
equipment. 

4-19.3.2. Deep Cuts. Where the volume of material 
to be removed is comparatively small, the work 
usually can be performed with graders. Handwork 

Figure h-29. Erosion qf side slopes. 

will not be resorted to unless a careful analysis shows 
the use of power equipment is not possible. 

4-19.3.3. Use of Road Machinery. Where the vol- 
ume of material to be removed is large, the cuts are 
long, or the points of disposal are remote, the use of 
power ditchers or other heavy excavating machinery 
is justified whenever it is available. For example, if 
the terrain is such that draglines can work along the 
top of the cut, comparatively deep cuts can be cleaned 
quickly, at less expense than by other methods, and 
with no interruption of railroad transportation. Pow- 
er scrapers or trucks and power shovels may be the 
most practical machinery to use. 

4-19.3.4. Use of Car-Mounted Machinery. Where 
the depth of the cut, the desire to use the excavated 
material, or other conditions justify, power-operated 
ditchers or draglines mounted on cars are effective. A 
work train is necessary, and the usual arrangement is 
to place the ditcher or dragline between two air-dump 
cars. Before using work trains and on-track equip- 
ment, a very careful analysis shall be made of the 
situation to see whether the cleaning can be done 
satisfactorily by methods not affecting train move- 
ments. Where the personnel and equipment capabili- 
ty of the organization are not adequate to perform 
extensive maintenance, repair, or rehabilitation of 
railroad trackage, consideration shall be given to the 
use of contractual services. 



Figure .&80. Inadequnfely drained rondhed. 

4-19.3.5. Disposing of Surplus Earth Material. In 
all cases, waste material should be disposed of so it 
will not wash back into the cut. Material removed 
from side ditches shall never be cast on the adjacent 
slope. When waste dirt is disposed of along embank- 
ments, it should be deposited at an elevation below 
the bottom of the ballast. 

4-20. Storm Pipe Drains. 
A regular program of maintenance of pipe drains 
should be conducted. As-built record plans must be 
kept current regarding changes in the system. Limits 
of covered drain shall be marked with adequate signs 
to facilitate inspection and maintenance. 

4-20.1. Routine Maintenance. 
4-20.1.1. Outlet Ditches. Ditches leading from 

outlet pipes shall be kep clean, with adequate width, 
depth, and grade to insure proper drainage. Side 
banks should be maintained with sufficient slope that 
the material involved will not slide. Ditches should be 
maintained free of vegetation, debris, and other 
obstructions. Irregularities in alignment and grade 
tend to cause silting and scouring and should be 
avoided. 

4-20.1.2. Outlet Pipes. Screens on outlet pipes shall 
be kept in place to prevent small animals from 
entering pipes. When silting occurs at the outlet, 
screens shall be removed and the opening cleaned. 

Special care should be given outlets to make certain 
that stoppage does not occur. 

4-20.1.2.1. Overflow. Occasionally, drainage pipes 
discharging near bridges and culverts are subject to 
overflow or backwater during high water. Inspection 
should be made as soon as water recedes, and if 
necessary the pipe drainage system flushed. 

4-20.1.2.2. Inspection. Frequent inspection of the 
mains shall be made through the risers. Any tenden- 
cy to silt must be carefully watched, and, when it 
occurs to a marked degree, the entire system of 
mains should be flushed with water from a water car 
or other convenient supply. This is especially neces- 
sary for systems involving near level grades. 

4-20.1.2.3. Vegetation. Trees, bushes, or vegeta- 
tion with deep roots shall not be allowed to grow near 
any line of subsurface drainpipe. The roots, seeking 
water, may fill the pipes and cause stoppage in the 
system. 

4-20.2. Correcting Failures. Rapid silting of main 
drains indicates an obstruction, a level spot, or 
reverse grade, which must be located and corrected. 
In excavating for obstructions, care shall be exercised 
to prevent fouling the drains. The excavation should 
be backfilled with permeable material similar to that 
specified in the original design. Any tendency toward 
further development of water pockets or soft spots 
and heaving must be studied, and test holes dug to 
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detemine the direct cause of failure. If failure caused 
by a defect in the pipe drains occurs, immediate 
repairs shall be made. If heaving is caused by 
obstinate water pockets or aoR spots that are not 
tapped with laterals, laterals should be installed. 

4-21. Soft Spots and Water Pockets. 
4-21.1. General. Soft spots and water pockets exist 

in localities where soil conditions are unfavorable to 
satisfactory maintenance, particularly in clay. They 
will be found in both filIs and cuts, but more generally 
in clay cub In soft spots the ballast generally has 
settled into the roadbed, forming a trough or pockets 
under the track. This condition usually causes the 
subballast and roadbed to be pushed out laterally and 
oftentimes raised (see Figures 441 and 4-32), thus 
forming walIs that prevent the water draining Tom 
the track. This condition invariably results in water 
pockets. The usual methods of surfacing and tamping 
track have no permanent effect in correcting soft 
spots and water pockets. Soft spots and water pock- 
ets shall be given prompt attention because they soon 
develop into a serious defect. The longer they exist, 
the more hazardous they become, and the greater the 
resulting maintenance expense or time and cost 
involved in providing a permanent remedy. 

4-21.2. Corrective Measures. In minor areas of soft 
spots 01 water pockets, the maintenance crew may 
take corrective action by increasing drain fields. 
However, in addition to pipe drains, various new 
methods of stabilizing soft spots and water pockets 
have been developed, such as roadbed grouting, the 
driving of poles or ties, and the use of sandpiles. In 
severe cases the situation should be studied by the 
engineers to see which method will probably give the 
most economical and satisfactory results. 

4-21.2.1. pipe Drain Method. Test holes shall be 
made at intervals frequent enough to determine 
accurately the profile of the bottom of the water 
pockets. Lateral drains shall be spaced so as to tap all 
the pockets; 16 feet center to center will usually 
au&e. The main and laterals shall be placed in stable 
material, with the minimum depth of the main 24 
inches, and of the lateral 12 inches below the bottom 
of the deepest pocket, unless the surface of solid rock 
or hard shale lies at a lesser depth; in this case, the 
minimum depth of the main can be reduced to 12 
inches below the bottom of the deepest pocket. Quite 
often the “softest” cuts are of a clay material overly- 
ing rock or shale. Usually this harder underlying 
stratum is not on a uniform plane, but is irregular, 
and if it is uniform it wiIl not conform with the grade 
of the main. To prevent dislocation of the drainpipe, it 
is well to place the pipe into the rock or shale to a 
depth at least equal to the diameter of the pipe. 

4-21.2.2. Grouting. 
4-21.2.2.1. Principle. As has been described previ- 

ously, water pockets are caused by ballast being 
driven into the subgrade due to traffic passing over 
the rails. After the ballast has been driven into the 
subgrade (impervious soils), heaving occurs along the 
shoulder of the roadbed. This heaving material is an 
earth slurry created by the action of traffic vibrating 
the ballast against the grade, thus mixing earth and 
water and forcing it out at the toe of the ballast 
section. As a rule, free water is indicated below the 
area under vibration. The grouting method for curing 
this condition consists of pumping a concrete shu-ry 
into the void in the subgrade. The grout is pumped 
into place until the void is filled and its pressure has 
raised the roadbed back to the desired elevation. It is 
possible to determine that the void (water pocket) is 

Figure b-81. Effit of umter pocket undo one end of taes 

Fzgure b-&C Effect of a water pocket under the mw!dle of tws. 
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filled by observing leakage of the grout up through 
the surface or along the fill section. The grout 
consists of a very find sand and enough cement to 
provide a partial set of the slurry (a rigid concrete 
base is not desirable). Immediately following the 
grouting, the track should be checked for elevation 
and lined out-of-face. 

4-21.2.2.2. Machinery and Equipment. If grouting 
is necessary and grouting equipment is not available 
at the installation, the equipment used in pavement 
mudjacking and undersealing is suitable for railroad 
grouting. 

4-21.2.2.3. Other Material. Under certain condi- 
tions, bituminous materials may also be used for 
subsurface sealing. The methods for placing are 
similar to those for cement grout slurry. 

4-22. Slides. 
422.1. General. Slides usually occur in unconsoli- 

dated material, but may occur in open faces of rock 
formations. Gravity is a primary cause, supplemented 
by lubricating water; undermining (natural or art5 
cial); clay-type material; certain types of geological 
structure; increase of load; and, in the case of rock 
slides specifically, by joint planes; fault planes; schis- 
tose structure; or strata dipping toward an open face. 
In the latter cases, slides are often accentuated by 
clay seams in partings of the rock. Where embank- 
ments are subjected to hydrostaic head for a length of 
time sufficient to saturate the embankment, slides 
may occur suddenly and without warning, particular- 
ly if the material is distrubed, as by spreading 
operations. 

4-22.2. Corrective Measures. Each slide shall be 
considered an individual problem. The cause of the 
slide should be determined by thorough and expert 
examination, under the direction of an engineer, of 
the soils, drainage conditions, and geological condi- 
tions related to the slide. The prevalence of unstable 
material will be ascertained in order to arive at a 
decision as to economic preference between the re- 
moval of sliding material and the application of 
suitable control methods. The removal or prevention 
of the cause of a slide is as important as the 
restoration of the roadway. 

4-22.2.1. Piles or Retaining Walls. Piles or retain- 
ing walls for the prevention or correction of slides 
may be used based on engineering evaluation. 

4-22.2.2. Diversion of Surface Water. Surface wa- 
ter must be intercepted and diverted by surface 
ditches. 

4-22.2.3. Drains. Underground water must be 
drained away, or intercepted at its underground 
source, and diverted. Slides caused by the flow of 
underlying material often may be controlled by con- 

structing subsurface drains containing perforated 
pipe and draining around the toe of the slide. When 
this unstable underlying material is deep, tunneling 
to intercept the flow may be necessary. When feasi- 
ble, water cutoff is usually more economical and 
effective than trenching or tunneling. Subsurface 
drains with perforated pipe are sometimes necessary 
to remove underground water from the slide itself 
when it is impractical to remove all the sliding 
material in hillside or cut slides. This control method 
is usually coupled with removal of sliding material, 
slope modification, and water cutoff, or intercepting 
drainage. 

4-22.2.4. Terracing. Terracing or benching the 
slope lightens the load and may lessen or prevent 
sliding. This may be done in addition to using other 
methods of control. The removal of the entire moving 
mass in hillside or cut slides may be more economical 
than control methods. 

4-22.2.5. Compacted Berms. Firmly compacted 
berms, approximately one-third the height of the fill, 
will help stabilize the fill and may be used in 
connection with drainage control methods. Weighting 
of the toe of a slide is useless if movement exists 
throughout the mass. When used, the weight must 
rest upon or be carried down to solid material. 

4-23. Frost Heave. 
4-23.1. General. When water collects unevenly 

under the track and expands because of freezing, the 
track is lifted above the wet spots and produces what 
is known as “heaved track” (Figures 4-31 and 4-32). 
The extent of heaving caused by frost action depends 
on the character and condition of material in the 
ballast and subgrade, the amount of moisture re- 
tained, and the extent and duration of low 
temperatures. 

4-23.2. Corrective Measures. Maintaining shimmed 
track is costly in maintenance time, and the repeated 
spiking of ties due to placing and adjusting shims and 
braces reduces the service life of the ties. However, 
such maintenance may be necessary until permanent 
corrective action can be taken. Careful study and 
considerable work and expenditure are warranted for 
protection against trackage heave caused by frost 
action. 

4-23.2.1. Drainage. On existing tracks, proper 
drainage is the principal factor in eliminating and 
heaving of track. 

4-23.2.2. Isolated Cases. Where heaving occurs in 
isolated places on tills, much may be accomplished by 
digging out the soft areas of the subgrade to a depth 
of 2 feet or more and carrying the excavation to the 
shoulder to afford proper drainage and so decrease 
the tendency to form water pockets. The excavation 
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should be backfilled with clean coarse gravel or 
similar material and an adequate depth of good 
ballast applied. 

4-23.2.3. Underdrains. In wet cuts, the installation 
of perforated underdrains backfilled with porous 
material provides excellent results. 

4-23.2.4. Subgrade. If the subgrade obstructs 
drainage of the ballast section, it will be graded off 
and replaced with permeable material to the depth 
necessary to correct the condition. 

4-23.2.5. Shoulders. In some cases where the 
embankment is built of impervious material, grading 
the shoulder off the ends of the ties and to a depth of 
3 or 4 feet and replacing it with pervious material 
may be justified. Before undertakmg such a project, 
careful exploration must be made to assure that the 
wet spots will be drained. Where depressions exist in 
the roadbed, free dramage to the shoulders must be 
assured before this method will function. 

4-23.2.6. Stabihzation. Cement or soil slurry (Fig- 
ure 4-28) or bituminous subseahng may be used to 
permanently stablhze roadbed areas subject to freez- 
ing where heavmg is extensive and the expenditure 1s 
justified. Installation of membrane materials may be 
considered in special cases. Traffic loads, frequency of 
use, and dependence of the mstallation on its railroad 
facility must be considered, as well as availability of 
maintenance crewmen and equipment to do the work. 

4-24. Drainage of Yard Tracks. 
Railraod yards are usually located on fairly flat 
terrain and require special dramage treatment. Be- 
cause large, open ditches m railroad yards are objec- 
tionable, pipe storm drains and subdrains are 
required unless natural soils are particularly suitable 
for self draining. Periodic inspections, rodding, and 
cleaning of installed dramage systems are necessary 
if they are to function satisfactorily. As conditions 
change at a given installation and additional facilities 
are added, or as clearing and building of adjacent 
areas increase the water shed of the area, it may be 
necessary to adjust subsurface and runoff facilities at 
yards. 

4-25. Vegetation Control. 
The elimination of vegetation from areas where it is 
not required for erosion control is essential to eco- 
nomical maintenance of tracks, as well as to the 
appearance of the roadway. Vegetation should be 
controlled or eliminated to at least the limits of the 
ballast section to minimize the danger of firs. Proper 
visibility of traffic signals must be maintained. Dirty 
ballast permits the growth of weeds that interfere 
with drainage and shorten the life of ties. The remedy 
is to clean the ballast. Use approved herbicides to 
eliminate vegetation from ballast and other areas of 

the roadway. Consult a specialist in this field for the 
best material and method to use. Weeds along the 
roadway can be controlled by mowing, burning, or by 
using herbicides. NOTE: It is mandatory that 
personnel handling herbicides be certified. 

4-26. Snow and Ice Control. 
Snowfall in amounts sufficient to obstruct railroad 
traffic or hinder operations can be expected at north- 
ern installations. Ice and packed snow can be a 
problem at crossings and in industrial areas where 
the tracks are in the pavement. 

4-26.1. Snow Plan. A snow plan should be prepared 
in advance of the snow season in conjunction with the 
snow plan for installation roads. The plan must 
contain data on materials, manpower, and procedures 
to be used under varying storm conditions. 

4-26.2. Snow Fences Snow fences keep snow from 
drifting onto the roadbed in localities where heavy 
snowstorms are frequent. Effective placement of 
snow fences can be assured by keeping records of 
locations where drifts have occurred during the 
winter season. 

4-26.3. Snow and Ice Removal. Snow and ice will 
be removed promptly from switches, frogs, guar- 
drails, and flangeways at highway crossings. Also, 
snow and ice will be removed promptly from loading 
platforms, track scales, turntables or transfer tables, 
and from any other places where personnel or proper- 
ty may be endangered. 

4-26.4. Chemical Control. Snow and ice control 
chemicals, sodium chloride (salt), calcium chloride, 
and urea are effective in melting ice and packed snow. 
The lowest temperatures at which these chemicals 
are effective under field conditions are: urea, +25”F 
( - 4°C); and calcium chloride, - 20°F ( -29°C). 

4-26.5. Snow-Melting Heaters. Snow-burning cans 
may be used to advantage. At switches where serious 
snow and ice conditions are expected over long 
periods, snow-melting pots or switch heaters may be 
used. Electrical switch heaters are not recommended 
because of the high operating cost. 

4-27. Roadway Cleanup. 
During surfacing, lining, gaging operations, and the 
like, all deficiencies noted should be corrected each 
working day. The shoulder line must be clearly 
defined, berms cleaned or raked, and drainage 
ditches cleaned. All scrap metal shall be collected and 
taken to a designated storage place. Old ties unfit for 
further track use or for cribbing shall be disposed of 
by burial in landfill or by another method of disposal 
that does not conflict with pollution laws. All rubbish 
and waste must be cleared from the work, and the 
entire right-of-way left in a safe and workmanlike 
condition. 
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CHAPTER 5. 

STRUCTURES 

Section 1. TYPES OF STRUCTURES 

S-l. General. 
This chapter provides guidance for maintaining struc- 
tures that are a part of the trackage system and some 
that may affect railroad operations. Bridges, trestles, 
and box culverts are used for water crossings, pedes- 
trian walkways, roadways, other tracks, and drain- 
age systems. Tunnels and cuts are used to penetrate 
hills or pass under bridges and other structures. The 
ensuing paragraphs of this chapter describe effective, 
preventive maintenance and/or the corrective mea- 
sures appropriate for the several types of deficiencies 
usually encountered. 

S-2. Supporting Substructures. 
Bridges, trestles, and buildings shall be inspected 
using designated procedures and checkpoints. Sup 
porting structures for elevated cranes should be 
inspected following each crane load test when cranes 

are load tested to 125 percent or more of the 
manufacturer’s rated capacity. Inspection reports 
shall be reviewed and random observations made of 
rail supports, connections, braces, and beam to col- 
umn joints for indications of movement, deteriora- 
tion, or stress. Broken and defective components 
shah be scheduled for rapair or replacement. For 
wood, steel or concrete columns, beams, braces, 
girders, and other structural members, indications of 
settlement, misalignment, or deflection shall be re- 
corded. Deflection, movement, or settlement under 
routine in-service loading exceeding established lim- 
its shall be investigated, analyzed, the degree of 
damage documented, and the classification of hazard 
determined. Structural conditions leading to a critical 
or catastrophic category of a section of trackage shall 
be based on a review of the structural analysis and on 
a condition survey conducted by competent engineers 
in sufficient detail to establish the safety of the 
structure. 

Section 2. MAINTENANCE OF STRUCTURES 

5-3. Bridges and Culverts. 
Railroad bridges may be constructed of steel, con- 
crete, masonry, or wood. Steel bridges may be 
through-truss, through-panel girders, deck truss, or 
deck panel girder types. These bridges may be open 
deck or ballasted deck. As far as the bridge structure 
is concerned, maintenance procedures are generally 
the same for all types. However, track maintenance 
will differ between the open deck and ballasted deck 
bridges. 

5-3.1. Open Deck Trackage. On open deck track- 
age, bolts that secure the ties to the stringers may 
work loose as the bearing areas of the ties on the 
stringers become worn, as the ties swell and shrink 
with moisture changes, or as rot or insect damage 
develops. Loose bolts on a number of adjacent ties 
can result in excessive gage and alignment deficien- 
cies. Figure 5-l shows an open deck pile trestle 
specially designed for dumping hopper bottom dump 
cars. 

5-3.2. Ballasted Deck Trackage. Ballasted deck 
trackage is maintained in the same manner as on a 
regular roadbed. The only extra maintenance re- 
quired in the trackage is to keep the drainholes 
unplugged and free draining (Figure 5-2). 

S-4. Guardrails. 

On structures and approaches, guardrails are in- 
stalled to guide equipment and prevent it from 
leaving the rail. Maintaining guardrails in first class 
condition requires that loose spikes be replaced or 
redriven, broken tie plates be replaced, and joint bars 
and track bolts be tightened. These maintenance 
operations should be performed at least quarterly on 
heavily used trackage. 

5-5. Expansion and Bearing Assemblies. 
All expansion joints must be maintained clean and 
free of incompressible material, which, when struc- 

5-l 
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Figure 5-l. Open deck pile trestle Ispecial). 

Ftgure 54. Ballast deck trackage. 
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c tures expand, could cause stresses exceeding design 
capability. Bearing assemblies must be kept clean and 
well lubricated. Bearing assemblies and expansion 
joints should be lubricated and/or cleaned annually or 
semiannually. 

5-6. Corrosion. 
For those metal portions of trackage structures, the 
most common form of preventive maintenance is 
periodic painting. Effective painting requires proper 
preparation of the surfaces to be painted and the use 
of proven primers and/or paints. For metals in normal 
environments, a nominal cleaning with hand or power 
tools should provide adequate preparation for paint- 
ing. Where surfaces are subject to corrosive environ- 
ments (industrial or marine), abrasive blast coatings 
should be applied immediately to the carefully pre- 
pared and cleaned surface. The most corrosion-resis- 
tant top coating for such surface is a vinyl paint 
conforming to DOD Interim Specification VR-3 or 
VR-6. What type and how many coats to apply will 
depend on the condition of the existing surface and 
coating and on the frequency at which it is repainted. 
(Refer to Paints and Protective Coatings Manual TM 
5-618, AFM 85-3, and MO-110.) 

5-7. Struqture Drainage. 
Periodic inspection of the weepholes near the bases of 
structures will reveal those that have become 
plugged and ineffective. A small wrecking bar or 
smaller tool should be sufficient to unplug the weep 
holes. The following measures should be taken for 
weepholes that frequently become plugged. If the 
plugging material is earth, sand, or debris carried 
into the hole from behind the structure, a screen 
should be inserted at the rear of the weephole. To 
prevent plugging of the weepholes by animals or 
birds who enter from the front face of the structure, a 
screen should be placed across the front of the hole. 

5-8. Concrete Structures. 
The most effective preventive maintenance for con- 
crete structures is waterproofing the surface. Both 
cementitious and bituminous coatings are used for 
this purpose. Both provide a degree of waterproofing 
that tends to minimize or eliminate the absorption of 
moisture that can result in concrete deterioration. 
Where color is a consideration, bituminous coatings 
are not used. 

When scour develops into undercutting of structure 
footings and foundations, immediate and effective 
corrective measures must be taken to prevent loss of 
the entire structure. An engineering analysis should 
be undertaken to determine the scope of safe and 
proper repair. 

S-l 1. Structure and Approach Trackage 
5-8.1. Repair of Concrete Structures. The repair of Adequate and effective maintenance of trackage on 

structural concrete requires careful preparation. The structures and structure approaches is as essential as 
best concrete used for such repair will be ineffectual the maintenance of the structures. Poor trackage 
unless it is applied to sound, properly prepared maintenance can cause excessive vibration and undue 
concrete in the original structure. All deficient con- stresses in structures and can result in disastrous 
crete must be removed to expose hard, strong mate- derailments. 

rial. The area to be repaired must be cleaned (may 
require washing with acid and water) and kept clean 
until the application of the repair material. 

5-8.2. Materials for Repairs. Concrete for repairs 
may be Portland cement concrete or a system of 
epoxy resin grout and concrete. The depth and extent 
of the needed repair, the environment to which the 
repaired structure is subjected, the required flexibil- 
ity, and the time available for making the repair 
determine whether conventional Portland cement 
concrete or the epoxy system is to be used. Relatively 
thin concrete repairs or patches of limited extent can 
best be accomplished with the more expensive epoxy 
system. Deep repairs of large extent are usually 
accomplished with Portlant cement concrete which, 
incidentally, takes longer to attain its design 
strength. 

59. Trestles. 
To the maximum possible degree, all wood should be 
prefabricated before being pressure treated. All di- 
mensions of individual members shall be anticipated, 
including the locations and sizes of all holes to be 
drilled in each member (Figure 5-3). Rot, insects, 
and marine borers can be expected to attack wood 
where it has been cut or drilled in the field. Field- 
applied preservatives at such points are mandatory 
but are not as effective as pressure-applied preserva- 
tives. Preventive maintenance for wood structures 
includes periodic checking and renewal of surface- 
applied preservatives. Exposed cutoffs, daps, and 
recesses cut into piling and timber are especially 
vulnerable. Cutoff pile tops are frequently covered 
with flexible fabric or metal so as to shed rain. 
Timber trestles, piling, and other wood structures 
should be examined for soundness by boring with an 
auger when deterioration is suspected or when neces- 
sary to make an engineering analysis. 

S-l 0. Undercutting. 
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Figure 54. Trestle on concrete piers. 
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CHAPTER 6. 

SAFETY 

Section 1. ACCIDENT CAUSES AND SAFETY MEASURES 

6-l. General. 
The greatest single cause of accidents on military 
installation trackage is insufficient clearance for mov- 
ing railroad cars and/or personnel. In many cases, 
minimum clearance limits are violated by building 
additions, stacked materials, parked vehicles, and 
protruding piping or wiring attached to platforms and 
walls. Other prominent accident causes are unsafe 
equipment, unstable loads, tripping hazards, lack of 
ihumination, lack of warning devices, restricted visi- 
bility, and unauthorized crossings. Just plain care- 
lessness is another cause of accident around the 
tracks and railroad cars. Hazards shall be classified 
by degree as required by Military Standard 822-A, 
System Safety Program Requirements as described 
in paragraphs 7-8.1 through 7-8.3.4. 

6-2. Fixed Structures. 
Fixed structures that impair safe clearance are listed 
below in the general order of prevalent hazards. 

62.1. Platforms. Floors and elevated platforms in 
excess of 3 feet 9 inches in height must be a minimum 
of 6 feet 2 inches from the center of the track (Figure 
6-l). This clearance is often lost for several reasons. 
Old, wood platforms may sag and lean toward the 
track, or timbers may become loose and bend out- 
ward from the platform. In strengthening platforms, 
timber should not be scabbed on to overlap the 
existing timbers that have deteriorated or become 
weakened, or other construction added that extends 
the platform trackwise. A reduction of the g-foot 2- 
inch clearance, even by several inches, could result in 
an injury to a riding trainman or, if the obstruction 
protrudes far enough, it could strike and damage the 
stirrups and grab irons on the cars. 

6-2.2. Retaining Walls. Retaining walls must also 
have a minimum clearance of 8 feet 6 inches (Figure 
61). This minimum clearance may be lost by the wall 
creeping or bulging from pressures on the other side. 

62.3. Pipes and Wires. Utilities services should 
not be attached to existing platforms and buildings or 
retaining walls having proper clearance. The pipes, 

cables, and wiring affixed to brackets or fasteners 
that protrude from the surface to which they are 
attached reduce the clearance, sometimes to an unac- 
ceptable degree. 

62.4. Buildings. Additions to existing buildings 
should not encroach upon the minimum clearance (8 
feet 6 inches), or windows, shutters, or doors that 
swing outward should not be installed. The latter are 
particularly dangerous because they often are not 
noticed or may be opened as a train is passing by. It 
is important that structural plans as well as plans for 
installing outside piping and wiring be approved to 
assure that such hazards are not created. Window- 
type air conditioners should not be installed in build- 
ings within the clearance zone, as they often protrude 
significantly into the area involved. Canopies and 
other overhanging elements must be high enough to 
clear locomotives and cars (Figure 6-l). 

62.5. Gates. At many installations, trackage may 
pass through boundary perimeter and/or security 
fences. Gates should be securely fastened in open 
position to prevent them from swinging toward the 
moving train, striking the locomotive and/or cars or a 
riding trainman. 

6-2.6. Overhead Structures. Pipe trestles, bridges, 
elevator bins, chutes, and other overhead structures 
must meet the clearance criteria on Figure 6-l. 
Equipment used to load or unload cars must be raised 
to a safe clearance prior to train movements. Suitable 
devices must be installed to keep this equipment in a 
raised position at this safe clearance not in use. 

6-3. Safe Clearance limits. 
6-3.1. Parked Vehicles. Areas adjacent to railroad 
trackage on military installations are sometimes used 
for vehicle parking. Suitable bumpers or rail guards 
will be installed to prevent personnel from parking 
vehicles inside the safe clearance limit. In the loading 
areas, hand trucks, fork lifts, and other materials 
handling equipment must not be left carelessly at less 
than safe distances from the track. 

63.2. Trucks. Trucks often load directly into or 
unload directly from the railroad cars. They must be 
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moved at least 8 feet from the centerline of the track 
before moving the railroad cars. Trucks at loading 
docks in restricted areas must park so that neither 
the truck tractor nor the trailer encroaches on the 
safe clearance limits. 

63.3. Stored Materials. Materials are often stored 
adjacent to railroad tracks. Palleted or stacked mate- 
rial must clear the track area by not less than 8 feet 
from the track centerline. Loose material such as 
sand, gravel, coal, etc., must be stored in bins or at 
least in an area that is barricaded on the trackward 
side. Coils of cable must be placed or blocked so that 
they cannot roll toward the track. Drums must be 
placed and stacked so that they will not tumble or roll 
toward the track. The &foot clearance criterion 
applies to short- or long-time stored materials. Flam- 
mable or explosive materials must be stored at 
clearances specified by the activity safety engineer, 
fire marshal, or ordnance officer. 

6-3.4. Curves. The clearances shown in Figure 6-l 
may have to be increased in the areas of switches and 
curves. The sharpness of the curve and the overhang 
of the longest cars brought into the installation will 
determine the increase in clearance required. The 
clearances shown are for tangent track and new 
construction. Clearances for reconstruction work or 
for alteration depend on existing physical conditions 
and, where reasonably possible, should be improved 
to meet the requirements for new construction. On 
curved track, the lateral clearances shall be increased 
1 inch per degree of curvature, with a maximum 
increase of 18 inches. When the fixed obstruction is 
on tangent track but the track is curved within 86 
feet of the obstruction, the lateral clearances shall be 
increased as follows: 

Distances from Obstruc- Increase per Degree 
tion to Curved Track of Curvature 

ft ln. 

O-20 1 
21-40 314 
41-60 l/2 
61-80 l/4 

6-4. Other Obstacles or Hazards. 
6-4.1. Track Condition. Track conditions such as 

broken rails, broken rail joints, rotten ties, loose 
spikes, and maladjusted switches can cause derail- 
ment. Procedures for correcting these conditions are 
outlined in Chapters 3 and 4. 

6-4.2. Drainage. Lack of adequate drainage can 
cause a softening of the roadbed. This can lead to 
track settlement, which in turn can result in broken 
rail joints or loose spikes. Shoulder erosion creates 
hazardous footing, which may result in missteps or 
falling. Procedures for correcting drainage deficien- 
cies are outlined in Chapter 4, Section 3, and Chapter 
5, Section 2. 

6-4.3. Housekeeping. Tools, track hardware, ties, 
rails, spillage from hopper cars (coal, gravel, etc.), 
trash, and refuse left along the track are serious 
hazards. 

U.4. Excavations. Open trenches are hazards. 
Excavated earth and stone from these trenches, if 
left on the shoulder or at an inadequate distance from 
the track, add to the danger. Trenches must be 
marked clearly or covered with planks or gratings 
when work is not being done. Excavation must also 
be adequately shored to prevent collapsing and shift- 
ing or settling of the roadbed. Permanent pits, 
trenches, and other openings under or around the 
track must have flush-fitting gratings or covers, 
which will be kept in place at all times, when not in 
use. 

64.5. Accessories and Devices. Accessories such 
as lamps, rerailers, and derailers must be kept in 
good working condition. Lamps or lights must be lit 
during periods of poor visibility. Crossing signals and 
gates, switch stands, interlocking devices, etc., must 
be maintained in serviceable condition to prevent 
accidents. Bumpers or wheel chocks must be main- 
tained in operable condition. Only experienced per- 
sonnel shall be involved in the use of rerailers. 

U.6. Safety Operations. Any operation in which 
cars are moved must be accomplished with safety in 
mind. Maintenance personnel must stay clear of cars 
being pulled or poled, coupled or uncoupled, or 
rerailed. To minimize potential accidents, only autho- 
rized personnel will ride cars. Blind corners caused 
by buildings, walls, etc., must be protected by 
railings or barricades. Personnel should give standing 
cars a clear berth and must wait for a passing train to 
move a sufficient distance to enable them to observe 
the adjacent track for other train movements before 
proceeding across the tracks. Temporary or nonstan- 
dard road crossings shall be properly posted. Figure 
6-2 is an example of good housekeeping and safety 
practices. 
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Figure 62. Good hacsekeeping and safety pm&ice. 



Section 2. SAFETY PRECAUTIONS 

6-S. Procedures. 

In addition to guidance concerning hazards given in 
the foregoing paragraphs, the following procedures 
must be carried out to assure maximum safety in 
railroad operations and maintenance. 

65.1. Inspection. The safety inspections shall be 
made as directed by the installation Safety Engineer, 
but not less than once annually in conjunction with 
maintenance inspections as outlined in Chapter 7. 

6-5.2. Safety Inspection Checklist. The following 
checklist must be used by safety inspectors, and a 
copy of their report shall be furnished to the installa- 
tion Safety Engineer and the installation office re- 
sponsible for maintenance of trackage (Chapter 1). 

6-5.2.1. Clearances measured from the centerline 
of the track to all fixed structures. Clearances not 
meeting the criteria of Figure 6-l must be reported. 

652.2. Openings in all structures that have doors, 
windows, etc., opening out into the clearance limit. 

6-5.2.3. Fixtures, pipelines, and other utilities 
erected or installed inside the clearance limits. 

6-5.2.4. Missing or inoperative warning devices or 
signs. Condition of and/or obstructions of signs. 

6-5.2.5. Gates that cannot be securely held open. 
6-5.2.6. Unsafe condition of track shoulders or 

trackbed such as erosion, open ditches, trenches, or 
pits. Broken, loose, or missing gratings or covers. 

6-5.2.7. Improperly working switches and de- 
railers. Loss of or improper marking of clearance 
points. 

6-5.2.8. Improper use of wheel chocks, unsafe car 
stationing (without set brakes or wheel chocks on 
grades), loose chocks and bumpers, and condition of 
cattle guards. 

6-5.2.9. Condition of cranes, chutes, and loading or 
unloading devices that might affect the safe clearance 
criteria. This applies to all overhead structures. 

6-5.2.10. Parking areas and trucks or other equip- 
ment encroaching on the clearance limits. 

6-5.2.11. Materials stored an inadequate distance 
from track or projecting into the clearance limits from 
storage areas or loading docks. 

6-5.2.12. Condition of rails, joints, and ties that 
may create a hazard. 

6-5.2.13. There shall be no missing, loose, broken 
components, bad welds, accumulation of debris, 
heavy corrosion, or severe deterioration of the follow- 
ing trackage appurtenance: (1) ladders, platforms, 
and hand rails; (2) rail stops; (3) guardrails and fences; 
(4) crossing signs and other warning signs; and (5) 
any other features that could cause an accident. 

6-6. Maintenance Inspectors and Track 
Crews. 

Maintenance inspectors and/or track crews are re- 
sponsible for reporting obstructions or hazards along 
the tracks such as trash, loose hardware, and any 
other objects that foul the safe clearance limits. 
Maintenance personnel shall remove or clean up such 
obstacles as they go along. More detailed responsibil- 
ities of these personnel are provided in Chapter 7. 
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Section 3. SAFETY WARNINGS AND SIGNS 

67. Installation of Warnings and Signs. 

When hazards exist because of inadequate clearances, 
construction work, blind corners or approaches, prox- 
imity of flammable or explosive storage, heavy vehi- 
cle or pedestrian traffic, crossings, and any other 
condition or situation that would jeopardize oper- 
ations, people, or property, appropriate warning 
signs or signals that shall be posted or installed. Signs 
must be clearly visible and maintained in a legible 
condition. Signals must be maintained to be operable 
at all times. Signs may be fixed and installed at 
proper clearances from the track or may be portable 
and temporary. Signs must be standard “blue” signs 
or metal flags unless otherwise prescribed. Signs 
shall be removed when no longer required. Typical 
signs are STOP, DERAIL, STOP-TANK CAR 
CONNECTED, and DANGER-MEN WORKING. 

6-8. Clearance Markings for Crossings, 
Turnouts, and ladder Tracks. 

Clearance markers shall be painted on rails of adja- 
cent tracks where the minimum clearance is reduced. 
Chrome yellow paint shall be used. The marker shall 
be 12 inches long, painted on both sides of each rail at 
the clearance point. Figure 3-64 (para 3-31.13.) 
shows typical clearance markers. In paved areas, a 
12- by &inch yellow marker shall be painted be- 
tween the tracks at the clearance point. 

6-9. Whistle and/or Ring (Bell) Signs. 
These signs are usually shop fabricated (Figure 6-3). 
Whistle and ring signs are placed at the distances 
from the crossings as specified in applicable state or 
municipal requirements, or where no such require- 
ments exist, the AREA Standards. 

65 
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CHAPTER 7. 

MAINTENANCE INSPECTION AND SERVICES 
-.~ “I 

Section 1. GENERAL 

7-l. Purpose. 
Chapters 1 through 6 of this manual describe proce- 
dures for effectively maintaining trackage systems at 
military installations. The planning and developing of 
an effective track maintenance program must be 
hased on thorough and timely track inspections by 
competent inspectors. This chapter describes proce- 
dures for inspecting trackage systems and systemati- 
cally detecting, identifying, and reporting deficiences 
and trouble areas within those systems. Inspection 
criteria shall be formulated by the ruling activity 
based on but not necessarily limited to the standards 
shown in Appendix B. 

7-2. Responsibility. 
Providing qualified trackage inspection at each mili- 
tary installation is the responsibility of the depsrt- 
ment tasked with the maintenance of the trackage 
and other real property as shown in Chapter 1. In 
making inspection, as in performing maintenance and 
repair work, the safety precautions of Chapters 1 and 
6 of this manual must be observed. 

7-3. Inspection of Railroad and 
Crane Trackage. 

Railroad and crane trackage inspections shall be 
performed at the frequencies and in the detail speci- 
fied by agency policy. In general, inspections shall 
ccdst of observing and functioning of the trackage 
as related to safety, maintenance, and design param- 
eters. Examination will be by sight, sound, feel, 
instrumentation, and nondestructive testing. Inspec- 
tion of trackage includes rails, ties, subgrade, sup- 
ports, foundations, drainage appendages, and 
accessories. Primary emphasis shall be given to 
insuring maximum safety by maintaining all facilities 
in a safe and sound condition. Deviations from the 
standards set forth herein shall be approved by 
waiver from the appropriate service (see Chapter 1). 

743.1. Preparation. Prior to the investigation of a 
segment of crane or railroad trackage the inspector 

shall become familiar with as many available factors 
of the operation as possible. All pertinent information 
and data available should be reviewed. These may 
include results of previous investigations, statistical 
information on safety performance, and causal factors 
of accidents determined in accident investigations. 
Ommission, deletion, or uncorrected defects noted on 
these previous reports give clues to the inspector on 
locations where detailed investigations may be re- 
quired. In addition, to save time and facilitate a more 
complete investigation, as well as to gain the coopera- 
tion of the activity, the following preparations should 
be made: (1) notify the personnel responsible for the 
track and those responsible for operations over the 
track in the territory to be inspected, and (2) set a 
date and location for the start of the inspection. If 
time permits, secure the following information from 
the activity in advance of the investigation: 

7-3.1.1. Timetables and special instructions cover- 
ing territory to be inspected, showing method of 
operation, maximum allowable speeds, permanent 
speed restrictions, equipment, and loading 
restrictions. 

7-3.1.2. Trains or cranes per day in each direction, 
average tonnage, and amount of hazardous materials 
movement. 

7-3.1.3. Locations, speeds, and reason for existing 
temporary slow orders. 

7-3.2. Inspection. 
7-3.2.1. Duties of Inspector. The inspector’s prima- 

ry duty is to conduct effective investigations to 
determine whether the crane or railroad trackage is 
complying with the safety standards and regulations. 
Effective investigation requires identification, profes- 
sional evaluation, and accurate reporting of safety 
conditions and practices. Inspections may vary con- 
siderably in scope and detail, depending upon the 
circumstances in each case. 

7-3.2.2. Records. The examination of records, of 
track components, and the measurement of track 
geometry for the determination of compliance with 
requirements are the responsibility of the inspector. 

7-l 
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7-3.2.3. Personal Safety. The inspector’s first con- 
cern is his own personal safety, as well as the safety 
of any personnel accompanying him. He will make 
sure he has current lineup of all train, crane, or other 
equipment movement and has permission to occupy 
designated tracks between designated times. When 
afoot on the railroad track, he must always be alert, 
expect a train on any track at any time in either 
direction, and be prepared to promptly clear such 
train. Extra personal care must be exercised under 
adverse weather conditions. 

7-3.2.4. Safety Rules. The inspectors should know 
and comply with the safety rules of the installation. 
They will also wear the safety equipment specified by 
the activity. 

7-3.3. Advanced Notice of Investigation. 
7-3.3.1. Schedules Inspection. Since the efficiency 

and safety of an inspection can be significantly 
improved by the assistance of operating personnel, 
advance notice of investigation will be given in all 
cases where feasible. The inspectors should give 
ample notice of the territory to be investigated, a 
proposed date for starting this investigation and an 

invitation to have a representative of the activity 
accompany them on the investigation. The activities 
representative should have immediate knowledge of 
all conditions noted by previous inspections and can 
assist in providing accurate locations or distances to 
named locations and furnish proper track 
designations. 

7-3.3.2. Time Frame. Sufficient time should be 
provided in planning an investigation to allow activity 
representatives to prepare themselves and/or permit 
reasonable adjustments to be made in the schedule. 

7-3.3.3. Unscheduled Inspection. These instruc- 
tions, however, are not to be construed to prohibit 
unaccompanied investigations when other activity 
personnel are unavailable to Iiu-nish assistance. 

7-3.4. Inspection Equipment and Tools. In order to 
make a proper track inspection, certain tools and 
equipment are necessary. The basic equipment need- 
ed is a track level and gage, a frog gage for rigid 
frogs, a hammer for sounding rail m paved areas, a 
rule, a cord 62 feet long, report forms, and a copy of 
this manual. 

Section 2. INSPECTION AND REPORTING 

7-4. Categories of Inspection. 
74.1. Contmuous Operator Inspection. Daily or 

prior to use, safety checks listed in activity regula- 
tions shall be conducted. In addition, on-the-job 
observations shall be going on at all times when 
equipment is working. Crane and railroad operations 
personnel (operators, engineers, trackmen, riggers, 
etc.) shall be encouraged to observe and report track 
problems, deficiencies, obstructions, and the “feel” of 
the track. When walking down the track, the inspec- 
tor/operator can look for broken rails and other rail 
defects, faulty switch-point closures, indications of 
wide gauge, poor line or surface, loose crossing 
planks, wheel flanges striking frog points, working 
spikes and joints, pull-aparts, evidence of the immi- 
nence of track buckling, scour at bridges, and the 
threat of slides. All these things can contribute to 
train accidents and should be brought to the attention 
of the responsible person for correction. 

7-4.2. Preventive Maintenance Inspection. Preven- 
tive maintenance (PM) inspection is a visual, continu- 
ous routine (shop level) working-inspection. It is 
performed in conjunction with daily assigned mainte- 
nance and repair tasks. When possible, deficiencies 
are corrected durmg the inspection and no reco& 
made. Uncorrected deficiencies shall be reported to 
the supervisor for action, inclusion in the repair work 
schedule, adjustment of operating speed, and/or clo- 
sure of section of trackage. 

7-2 
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7-4.2.1. The PM inspection is designed to detect 
and correct those trackage deficiencies that develop 
from day to day. If the track walker can correct an 
observed deficiency in a half-hour or less, it should be 
done; if not, it must be reported. From these reports, 
the essential trackage maintenance and repair work 
schedules are developed and implemented. 

7-4.2.2. The types of deficiencies PM inspection is 
designed to detect, and which the track walker may 
be able to correct include but are not limited to: 
insufficient switch lubrication; shortage of or lack of 
fuel and untrimmed wicks in lighted switch targets; 
loose or missing joint bolts, rail spikes, plates, or 
anchors; condition of derails and wheel locks; ice or 
debris-fouling switches and flangeways in paved 
areas; defective bumper blocks; and poor housekeep- 
ing (para 64). Uncorrected items may include but 
are not limited to: broken ties, defective switch 
points, inoperative switches, operator reported rough 
or soft spots, poor drainage, substructure failure, 
defective rail, settlement, condition of supporting 
columns, and misalignment. The most important 
sections to be checked are the switches, curves, and 
any area where a derailment has occurred. 

7-4.3. Overall Track Inspection. Because overall 
track inspections of trackage are more inclusive and 
exacting than the PM inspections, only qualified 
personnel should he assigned to make them. Annual 
inspections are required except where snow, ice, and 
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subfreezing temperatures or unusual climatic condi- 
tions are an important factor. In these circumstances 
overall track inspections should be scheduled more 
frequently. Where winters are a significant mamte- 
nance factor, one overall track inspection is scheduled 
in the early fall or late summer and one soon after the 
spring thaws. Reports of overall track inspections are 
used: (1) to plan the immediate work needed to 
prepare for and to recover from the effects of winter; 
(2) to determine if a condition exists that requires 
engineering investigation, additional testing, or eval- 
uation; (3) to develop the several annual reports of 
trackage work and the single or multiyear mainte- 
nance plans required; and (4) as the basis of Backlog 
of Maintenance Reports. 

743.1. Methods of Detection. Overall track in- 
spections should include all checks performed during 
the PM inspections plus all other detectable deficien- 
cies. Visual inspections should include observations of 
all readily accessible components of the trackage 
system including rails, ties, rail accessories, switches, 
crossovers, ballast roadbeds, support structures, and 
appurtenances. Basic checkpoints for trackage in- 
spection are listed in Chapter 6 and Appendix B. 
Using the inspection reports and relating them to the 
installation’s basic trackage requirements, its in- 
house capabilities, priorities, available funding, and 
other factors, the annual and the long-range trackage 
maintenance and repair programs are developed and 
programmed. Also, these reports can be a factor in 
the development of future trackage programs. Since 
all rail flaws are not visible to the eye, rail inspection 
that will detect internal flaws is significant (para 3-14 
and 7-5) to an overall track inspection. The detection 
of internal rail flaws by a detector car has been 
standard practice on American railroads for a number 
of years. These cars use both the induction and 
ultrasonic methods. The cars are available by con- 
tract on ,an hourly rental basis. An overall track 
inspection report of running track cannot be com- 
pletely comprehensive without the inclusion of a 
report showing the results of nondestructive rail 
tests. 

7-4.3.2. Checklists and Reporting. Provide overall 
track inspectors with checklists that include, but are 
not necessarily limited to, all the types of deficiencies 
included in paragraph 6-5.2 and Appendix B. The 
inspectors will report in detail the condition of all the 
trackage and track elements. Their reports will 
recommend the priority(s) of work and the best 
method(s) of correcting reported deficiencies. Excep- 
tionally complex and/or unusual trackage maintenan- 
ce/repair problems may have to be subjected to in- 
depth engineering review for best resolution. 

743.3. Classification of Hazards. Inspectors 
should designate the degree of hazard (negligible, 

marginal, critical, or catastrophic, see para 7-8.1) as 
required by the reference in Chapter 6 based on their 
judgment. Where there is,a doubt regarding the 
seriousness of a defect, or a questionable safety 
condition, use shall be stopped over the section of 
trackage involved until the deficiencies are corrected 
or until safe use has been determined. Deficiencies 
designated as critical or catastrophic by inspection 
personnel shall be evaluated by the cognizant engi- 
neering or maintenance organization to determine 
corrective action and interim precautionary measures 
including use-restrictions. 

743.4. Support Structures. All subgrades, bal- 
last, foundations, and bridges or trestles shall be 
inspected for signs of settlement or failure. Special 
attention should be given to looking for openings in 
quaywalls, bulkheads, or other waterfront retaining 
structures that may permit fill material to wash out 
and cause trackage settlement and failure. Buildings 
supporting elevated cranes shall be inspected in 
accordance with designated criteria. 

7-4.3.5. Paved Areas. In asphalt, concrete, or 
grouted areas visual inspection shall include observa- 
tions for exposed rail defects, trackage movements 
exceeding the limits stated herein, and signs of 
distress in adjacent pavement. Potentially serious 
defects or suspected failures shall be cause for remov- 
al of paving and a detailed investigation of trackage. 
Pavement shall be maintained so that it does not 
interfere with railroad or crane operation and to 
insure safe vehicle movement. 

743.6. Measurements. Visual observations or 
spot-check measurements shall be made of grade, 
track gage, cross-section elevation, curve radius, 
horizontal alignment, vertical mismatch, supports, 
and other features to insure that appropriate criteria 
are met. Instrument surveys may be requested by 
the inspector to verify visual observations or spot- 
check measurements, establish new alignment, inves- 
tigate problem areas, and/or determine deviation 
from the established standards. 

743.7. Track Geometry. Horizontal alignment, 
grade, cross-section elevation, and/or gage shall be 
investigated when any of the following conditions 
exist: 

74.3.7.1. There are indications of abnormal wear 
on the railheads or on wheel flanges. 

74.3.7.2. New rails are being installed or any 
portion of a rail is realigned. 

74.3.7.3. Operating crane or railroad engine bind 
have difficulty in starting or have trouble with 
movement. 

74.3.7.4. When a potential deficiency of trackage 
can be observed, heard, or felt. 

74.3.7.5. There are indications of substructure 
settlement, failure, or other structural changes. 
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74.3.7.6. Visual observations indicate that the 
acceptable limits may exceed those limits established 
by the activity. 

74.3.7.7. Tests, inshction, experience, or engi- 
neering judgment indicate operation or rail alignment 
problems. 

74.4. Opfional Operational Observations. An oper- 
ational observation is the observation of engine, crane 
or car working on the trackage system. The purpose 
of an operational inspection is to assist in the identifi- 
cation of problem areas which could develop into 
unsafe trackage. Conditions which may be discovered 
include the following: (1) soft spots in the ballast; (2) 
weak or disintegrated ties; (3) looseness, binding, or 
vibration; and (4) from our off-track, generally down- 
grade, position we can look for “daylight” under 
wheel treads and other evidence of wheels trying to 
climb the rails, as well as for dragging equipment. 

744.1. Frequency. Operational inspections on ac- 
tive trackage systems shall be performed at irregular 
intervals to insure that the trackage systems will 
sustain the prescribed load in a safe manner. Railroad 
sidings, storage trackage, and sections of crane or 
railmad trackage blocked or seldom used should have 
operational inspections within a maximum interval of 
five years. However, visual observation of trackage 
during routine trafl?c loading after repair and during 
investigations is recommended. Low-use trackage 
serving hazardous loads such as ordnance or fuel shall 
have an operational inspection within 2 years prior to 
USC 

74.4.2. Routine Traftic Observations. Trackage 
shall be inspected while equipment is operating. 
Observations for looseness, binding, deflection, or 
vibration shall he made by sight, sound, and feel. In 
addition, rail joints, ties, tie plates, ballast or grout, 
general alignment, rail condition, supporting strut 
tures, and other accessories may be observed for 
deficiencies during operational inspection. Observa- 
tions may he made (1) during routine annual inspec- 
tions, (2) by operators in conjunction with daily safety 
checks, (3) by maintenance-of-way supervisor from 
the lead car or engine, or (41 by inspectors adjacent to 
the trackage. When the operational inspection is 
performed onboard a train or engine, supplemental 
observations of passing rail traffic at randomly select- 
ed and suspected defective areas shall be made. 
There is no requirement for physical measurements 
of rail or trackage systems under load; however, 
when practical and accessible, rail systems shall be 
observed for deflection. Guidelines for maximum 
allowable deflections as established by the inspection 
shall he determined by visual judgment. In the event 
unusual movement is observed or felt, deflections 
appear to he larger than the guideline limits estab- 
lished, or the cause of deficiency cannot be immedi- 
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ately determined, an investigation and engineering 
analysis of the immediate vicinity shall be made prior 
to determining the degree of hazard. Results of the 
investigation and engineering analysis, not the deflec- 
tion limit per se, shall determine when use of a 
section of trackage must be discontinued. 

74.4.3. Loads. Loads defined below should be 
moved over track systems slowly enough so that 
observations can be made. 

74.4.3.1. Railroad Trackage. Loads on rails shall 
be provided by routine rail traffic that normally 
operates on the track. If a typical train is not 
observed, the load on the rail may be provided by a 
locomotive, engine, or test car. When a test car is 
used, it shall be loaded to give the maximum antici- 
pated load on at least one axle and as close to the total 
anticipated load as practical. 

74.4.3.2. Ground-Level Crane Trackage. The op- 
erational inspection shall be conducted by using the 
heaviest crane or the crane with the largest wheel 
load that can operate on the track. NOTE: The 
inspection may be conducted with no load on the hook 
and with the boom parallel to the track. 

74.4.3.3. Elevated Crane Trackage. Elevated 
crane trackage systems shall be inspected after com- 
pletion of each crane load test. Sections of elevated 
crane rail trackage not observed during crane load 
tests shall be observed during the operation of the 
heaviest crane that can operate on the track with no 
load on the hook and the trolley positioned adjacent to 
the rail being observed. 

74.5. Interim (Emergency) Inspections. Trackage 
is often damaged during severe weather. Interim 
inspections must be made during or immediately 
following heavy rain, ice, and/or windstorms and 
extremely high tides or waves. Damage that affects 
operation safety will be reported immediately. 

7-5. Nondestructive Testing. 
It is recommended that all active ground-level crane, 
elevated crane, and railroad rails be tested nondes- 
tructively for defects at b-year intervals, unless 
maintenance problems or visual inspection dictate a 
necessity for more frequent testing. Illustrations of 
defects and criteria for unacceptable rails are includ- 
ed in Chapter 3 and Appendix B. New rail and 
accessories shaIl be accepted according to the latest 
Government specification andlor standard industry 
practice. The nondestructive test results shall be 
used to establish a baseline for future inspection and 
to identify areas requiring observation. Nondestruc- 
tive testing of new, stockpiled, or relay (used) rail put 
into service, may be deferred until the next regularly 
scheduled test at the discretion of the commanding 
officer. During the interim period, the rail may be 
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given a safety-use rating based on other tests, 
observations, and inspections recommended by this 
manual. 

75.1. Sounding. Sounding with a hammer is one of 
the best and least expensive methods of testing rail, 
and is a practical way to inspect relatively short 
sections of trackage, elevated crane trackage, and 
other trackage systems where ultrasonic testing is 
impractical. Light tapping with a small hammer about 
every 6 inches will reveal looseness between the rail 
and anchor plate, and defects before they become 
serious. Similar to ultrasonic testing, all nonstandard 
responses should be investigated and recorded for 
future comparison. This system may be used to test 
rail when electronic inspection is impractical. Howev- 
er, depending on rail usage, age, history, and experi- 
ence, the activity should consider using an inspection 
schedule shorter than the programmed F&year inter- 
val when using sounding as the nondestructive 
method. 

7-5.2. Ultrasonic Testing. Ultrasonic inspection is a 
nondestructive test method for revealing internal 
diintinuities in dense homogenous materials by 
means of acoustic waves of frequencies above the 
audible range. Ultrasonic testing is the preferred 
method for nondestructive testing of readily accessi- 
ble rail. Sonic testing devices, which are available 
locally or those which are available from commercial 
sources, can be used for this purpose. Ultrasonic 
testing is an economical method of checking long 
lengths of trackage and rail encased in pavement. 
Ultrasonic testing of new rail may be deferred until 
the next regularly scheduled 5year test interval. 

7-5.2.1. Calibration. Ultrasonic inspection equip- 
ment shall be calibrated to insure reliable interpreta- 
tion of responses. The approximate smallest defects 
that can be consistantly detected include, but are not 
necessarily limited to, the following simulated, “not- 
serious” defects: (1) a l/4-inch-diameter hole drilled 
horizontally through the railhead; (2) a bolt hole 
through the web; (3) a horizontal l/2-inch-long sawn 
crack between the head and the web; and (4) a 
vertical V&inch-long sawn crack in the web. 

7-5.2.2. Test Results. All discontinuities shall be 
reported, the nature and size of defect estimated, and 
responses compared with standards or past test 
results. Rejection or degree of hazard of all potential 
defects shall be based on assessment of ultrasonic 
inspection results, visual inspection, experience, en- 
gineering judgment, and the criteria established by 
the activity. In-place welded joints, welded repairs, 
and rail castings, such as frogs and certain types of 
swtiches, may have confused or erratic responses 
when ultrasonically tested; therefore, interpretation 
requires experience and/or engineering judgment to 
preclude an erroneous classification of defect. 

7-5.3. Other Nondestructive Tests. Magnetic parti- 
cle (MIL STD 271), dye penetrant, and other nondes- 
tructive test methods have limited capability for 
surface inspections; However, they may be advanta- 
geous in investigating potential defects indicated by 
other inspections. Eddy current or other approved, 
nondestructive test methods brought about by state- 
of-the-art advances may be used to supplement or 
replace sounding or ultrasonic testing based on local 
conditions, availability, economics, experience, and/or 
engineering judgment. 

7-6. Miscellaneous Inspections and Tests. 
Other inspections may be used to determine the safe 
condition of trackage under unique or unusual circum- 
stances or to make a detailed engineering investiga- 
tion of specific, critical components of a trackage 
system. The inspections performed and the frequency 
shall be those considered necessary by the activity or 
as recommended by the audit. Prior to use, the 
availability, limitations, and practicability of any 
special investigation shall be evaluated. Special in- 
spections, such as the following, may assist in deter- 
mining the condition of trackage: 

7~5.1. Building Inspection. Review comments 
made by the building/structural inspector to verify 
that work affecting trackage has been scheduled. 

7-6.2. Underwater Damage Assessment Television 
System. Divers or the Underwater Damage Assess- 
ment Television System may be required to conduct 
underwater inspections of waterfront containment 
structures (bulkheads) and dock pilings supporting 
trackage. 

7-6.3. Seismograph. Under certain conditions seis- 
mographic instruments may be beneficial in determin- 
ing voids in fill material or embankments, level of 
water tables, or location of slippage planes in the 
foundation below trackage systems. 

7-6.4. Strain Gages. When the structural analysis 
for the anticipated maximum loading of a structure 
indicates certain members may be overstressed or 
marginal, a load test (duplicating or exceeding maxi- 
mum total moment and shear experienced in-service) 
with stress and strain instrumentation is appropriate. 

7-7. Track Records. 
Up-to-date records of all trackage at each military 
installation are basic to the administration of trackage 
maintenance and repair programs. As in every type 
of inspection, the thoroughness with which trackage 
inspections are made is important. Of equal impor- 
tance is the accuracy and thoroughness with which 
the inspection reports are prepared. Deficiencies in 
track elements such as switches, bridges, culverts, 
and road crossings will be identified and reported. 
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Deficiencies in hard to identify elements such as 
individual ties, joints, and rails will be summarized in 
the reports. Field identification of those deficiencies 
will be accomplished by durable markings; for exam- 
ple, each tie to be replaced is indicated by inspector- 
applied markings. (See Figures 3-20 and 3-21 in 
paragraph 3-11.3.) In order to manage and adminis- 
ter trackage inspections, maintenance programs, and 
design, the following information should be available 
in a usable condition so that it may be referred to 
easily and readily. Where documents do not exist, a 
long-range program should be established to obtain 
the appropriate information for retention in activity 
files. 

7-i’. 1. Inspection Reports. Inspection reports 
should be filed and maintained in accordance with 
current directives. If track charts (Appendix E, 
Figure E-l) are used, the inspection report form 
should reference a track chart. Each inspection re- 
port should record the inspection findings of only a 
specific segment of track. When track charts are 
used, only that track shown on the referenced track 
chart should be reported. Where more detailed re- 
ports are required than can be shown in the limited 
space provided in the inspection report form, the 
form may be supplemented with photographs and 
other supporting material, Until reported deficiencies 
have been corrected, it is essential that the reports 
and appropriate supporting material be conveniently 
accessible, in accordance with current directives. The 
current degree of hazard for each section of trackage 
shall be shown on the track chart, map, or other 
prominent document. 

7-7.2. Track Charts. Track charts, although not 
required by all departments, are a useful tool in 
scheduling maintenance and repair work and for 
indicating areas of important track elements that 
require other than the usual amount of maintenance 
and repair. Track charts or plans should be main- 
tained as part of the real property records. The 
charts or plans shall be kept up to date and used for 
programming future work, scheduling current work, 
indicating abnormal conditions, and recording mainte- 
nance and inspection data. Charts or plans can be in 
any format and shall be usable as a working docu- 
ment. Curve data shall be recorded for all curves. 

7-7.3. Plan and Profile. Detailed plan and top of rail 
profile or grades of crane and railroad track systems 
should be, kept current and may be shown on the 
track chart or separately. Size and type of rail, 
switches, degree of curve, frogs, and other rail 
appurtenances should be indicated on the plan. Refer- 
ence points for location and elevation checkes should 
be accurately referenced. 

7-7.4. Cross Section. Cross sections of substruc- 
tures shall be maintained, when known and available, 

especially the investigation reports of substructures 
under crane or railroad tracks around piers, dry- 
docks, trestles, wet areas, and the major supporting 
substructures of elevated cranes. 

‘7-7.5. Historical Data. Historical data on each 
system shall be retained or developed and include the 
following (1) dates that the system was installed; (2) 
weight of rail, gage of track; (3) history of malnte- 
nance and repair; (4) replacement of rail; (5) methods 
of accomplishing previous work, (6) general overall 
trackage condition; (7) maximum capacity; (8) original 
intent or use of trackage; (9) engineering calculations 
to establish maximum loading; (10) HQ approval of 
railroad curves with radii less than 300 feet; (11) 
justification of exceptions to standards, waivers; (12) 
valid structural analysis for all supporting structures 
based on or exceeding cnrrent maximum loading; and 
(13) other pertinent information. 

7-7.6. Proposed Projects. Maintain a list of pending 
work including: (1) major repair projects (approved, 
submitted, and needed), (2) minor work to be accom- 
plished with local funding, and (3) major replacement 
projects which are being considered for MCON fund- 
ing. Use “multiyear” renewal program for rail re- 
placement when practical. 

7-7.7. PM Inspection Reports. Local formats in 
existence may be used. As a minimum, PM inspection 
reports should include: (1) date, (2) sections of track- 
age inspected, (3) unrepaired deficiencies, (4) number 
of and size of broken or missing parts, (5) suspected 
misalignment or defect, and (6) guides and instruc- 
tions used for the inspection. The current PM inspec- 
tion report and the one for the preceding period shall 
be retained. Work authorization documents or shop 
repair orders, usually the action following PM inspec- 
tions, shall be kept for 5 years. 
7-7.8. Overall Track Inspection. As a minimum, 
activity track files shall contain the latest complete 
control inspection report, supplemental engineering 
inspection reports, and all engineering investigation 
reports made since the last complete annual or special 
report. Modification and alteration approvals includ- 
ing engineering investigations and field checks shall 
be kept for 5 years. Current operational inspection 
records shall be kept until superseded. 

7-7.9 Nondestructive Testing. Current nondestruc- 
tive test records shall be kept on tile for all rails. Data 
collected from the ultrasonic or induction tests shall 
be retained as necessary for baseline and defect 
growth comparisons. A narrative report should be 
included to explain any unusual observations. 

7-7.10. Program Review Report. The program 
review, HQ/command assistance, or IG inspection 
report and activity responses shall be retained until 
superseded. 
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7-3. Inspection Check Points. 
The types of deficiencies inspectors are required to 
note are described in Chapters 1 through 5 and 
Appendix B of this manual. The day-to-day deiicien- 
ties PM inspectors are expected to note are relatively 
few in number, and all are quite simple to detect. 
They are mentioned in paragraph 74.2. Engineering 
inspections and interim inspections should note and 
report all the types of deficiencies covered by PM 
inspections, plus all of the other shortcomings of 
trackage that are described in Chapters 1 through 5 
and Appendix B of this manual. Careful visual inspec- 
tions can detect many of the shortcomings; others are 
more complex and can be detected only by certain 
techniques. 

7-8.1. Degree of Hazard. A hazard is any real or 
potential condition that can cause injury or death to 
personnel, or damage to or loss of equipment or 
property. All trackage should be classified according 
to one of the four categories shown below. Certifica- 
tion shall be made on sections of trackage at intervals 
not to exceed 2 years. Overall track inspections (para 
74.3) shall be used as the basis for determining the 
degree of hazard. Tests of inspections made between 
overall track inspections that indicate previously 
unreported critical or catastrophic defects or other 
unsafe conditions shall automatically cancel the exist- 
ing degree of hazard over the specific section of 
trackage involved. For inactive trackage or trackage 
used infrequently, the inspection and hazard level 
determination may be performed just prior to use. 
When there is any doubt as to the degree of hazard 
over a given section of trackage, the degree of hazard 
shall not be made until a detailed investigation and 
engineering evaluation has been completed to deter- 
mine whether or not the section of trackage involved 
can be certified safe or whether or not restricted 
operations may continue pending repair. 

7-8.2. Hazard Level Category. Hazard level is a 
qualitative measure of hazards stated in relative 
terms. For purposes of this standard, the following 
categories of hazard levels are defined and estab- 
lished: personnel error, environment, design charac- 
teristics, procedural deficiencies, or subsystem or 
component failure or malfunction (para 6-l and MIL- 
STD-882A). 
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Category Hazard Level 

Category 

Negligible 

Marginal 

Hazard Level 

Will not result in personnel injury or 
system damage. Minor defects that 
will not affect operation over track- 
age systems. 

Can be counteracted or controlled 
without injury to personnel or ma- 
jor system damage. Routine main- 

Critical 

Catastrophic 

tenance and repairs should be 
scheduled. 

Will cause personnel injury or major 
system damage, or will require im- 
mediate corrective action for per- 
sonnel or system survival. 
Operation over trackage systems 
must be restricted. 

Will cause death or severe injury to 
personnel, or system loss. Oper- 
ation over trackage systems shall 
be stormed. 

7-8.3. Defect Classification. The basic rule of 
thumb or general guideline for determining a critical 
hazard of a defective rail and continuing use at DOD 
installations is 114 inch of alignment or movement. All 
irregularities in top or side rail wear, difference in 
elevation at breaks or joints, deflections, and move- 
ments exceeding l/4 inch should be investigated. 
Common rail defects are illustrated in Figure 3-27. 
Defects are listed in the hazard category in which 
they normally occur. Exceptions and variations are 
expected; therefore, experience and/or engineering 
judgment must be used to determine the degree of 
hazard for each defect. General guidelines to assist 
inspectors and engineering investigators in determin- 
ing the degree of hazard of a defect are described 
below. 

7-8.3.1. Negligible. Deficiencies that are negligible 
are those which do not affect the safety of operation, 
such as: 

7-3.3.1.1. Defects, such as breaks, fractures, or 
defective welds, corrected by the application of fully 
bolted angle bars. 

7-B-3.1.2. Damaged rail with temporary repair 
(complete weld repairs are considered nondefective). 

7-8.3.1.3. Weld irregularities. 
7-8.3.1.4. Minor mill or mechanical defects. 
7-3.3.1.5. Surface scratches or cracks. 
7-8.3.1.6. Possible defects on portions of rail sys- 

tems made from casting, such as frogs and certain 
types of switches, having confused or erratic readings 
when ultrasonically tested. 

7-8.3.1.7. Other small defects based on activities’ 
investigation, engineering judgment, and/or 
experience. 

7-8.3.2. Marginal. Trackage systems with small 
defects such as missing nuts, loose spikes, etc., less 
than specified in Appendix B, shall be repaired, when 
possible, during regularly scheduled track work oper- 
ations. Records of unrepaired rail defects and sub- 
standard trackage shall be kept current and the 
trackage continually observed during all future in- 
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spections to identify any further degradation which 
might result in defects. 

7-8.3.3. Critical. Trackage with critical defects may 
continue in use provided the operating speed over the 
defective section is reduced and the defect or defects 
are carefully inspected at intervals of not more than 
every 6 months or as prescribed in Appendix B. 
Trackage systems with critical defects may be sched- 
uled for restricted operation at the discretion of the 
officer in charge provided all of the following actions 
are taken: 

7-8.3.3.1. Replacement or repair is scheduled. 
7-8.3.3.2. Deficient areas are clearly and specifical- 

ly marked with warning signs when practical, or 
specified in written instructions and restrictions. 

7-8.3.3.3. Operators are informed to proceed with 
extreme caution. 

7-8.3.3.4. Reduced speed operation is approved 
following an engineering inspection. 

7-8.3.3.5. Additional PM inspections or checks of 
the defect are schedules. (For infrequently used 
trackage, inspections may be made just prior to use.) 

7-8.3.4. Catastrophic. Sections of trackage with 
catastrophic defects involved shall not be used until 
repaired, except as noted below. Serious trackage 
defects include conditions which engineering judg- 
ment and experience have determined to be unsafe, 
and (Appendix B) requiring immediate change out of 
rail. NOTE: Temporary or emergency repair of 
defective rails may reduce the degree of hazard to 
critical or marginal depending on the severity of the 
defect, for example see paragraph 7-8.3.1 above, 
items a and b. On trackage systems which have 
catastrophic rail defects or on dangerous or unsafe 
sections of trackage, general usage shall be stopped 
until the section(s) of trackage have been repaired or 
replaced. Sections of trackage that are defective, 
damaged, misaligned, or otherwise failing to meet the 
lowest standards established in Appendix B of this 
manual shall be barricaded or marked with warning 
signs (when practical) and service discontinued. 
When necessary to use trackage in the catastrophic 
category, the officer in charge shah be responsible for 
safety and visually supervise each operation over the 
defective sections. 
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ter, Naval Publications and Forms Center, 5801 
Tabor Ave., Philadelphia, Pa. 19102. 

c 

(2) Available from: Corps of Engineers Publication 
Depot, 890 South Picket St., Alexandria, Va. 
22304. 

A-2. Specifications, Regulations, and 
Standards. 

AR 420-10. 

MIL-R-3518C. 
MIGR3911B. 

MID-R3964A. 
MID-T-1129B. 

MIGD-11302C. 
MIL-J-12368C. 
MIL-STD-2’71. 
MIL-STD-615A. 

MIL-STD-822A. 

MM-T-371E 

NAVFAC P-300. 

NAVFAC INST 

General Provisions, Organiza- 
tion, Functions, and 
Personnel. 

Rails, Tee; Railway. 
Rails, Tee, Railway: Relayer 

Rail. 
Bolts and Nuts; Track. 
Turnout; Railway (Unassem- 

bled, Complete with LOW 
Stand Throw and Rigid bolt- 
ed Frog.). 

Derail; Railway. 
Joint Bar; Rail. 
Magnetic Particle Test. 
Turnouts, Railway, with Bolted 

Rigid Frogs. 
System Safety Program for 

Systems and Associated Sub- 
systems and Equipment. 

Tie; Railroad, Wood (Cross and 
Switch). 

Management of Transportation 
Equipment. (1) 

Maintenance Management of 
11200.1. Weight Handling. (1) 

NAVSEAiNAVFAC Inspection, Certification, and 
INST 11230.1. Audit of Crane and Railroad 

Trackage. (1) 
RPMA Guide Spec Railroad and Appurtenances. 

32435042858 (2) 
TT-W40571J Wood Preservation: Treatment 

Practices. 

A-3. Other. 
Manual for Railway Engineering, Construction and 

Maintenance Section, AREA Portfolia of Track- 
work Plans, American Railway Engineering Asso- 

A-l 



ciation, Engineering Division, 59 East Van Buren 
St., Chicago, Ill. 60605. 

Roadmasters and Maintenance, Way Association of 
America, 18154 Harwoed Ave., Homewood (South 
Chicago), Ill. 69430. 

A-3. Other. 

Railway Track and Structures (Monthly), P. 0. Box 
530, Bristol, Corm. 06010. 

A-2 

Manual of Uniform Traffic Control Devices for 
Streets and Highways, U S Department of Trans- 
portation, Federal Highway Adminstration, 400 
7th St., SW, Washington, D. C. 20590. 

FRA Standards, Department of Transportation, Fed- 
eral Railroad Adminstration, Track Safety Stand- 
ards in the Code of Federal Regulations, Title 49, 
Transportation, Chapter II, Federal Railroad Ad- 
ministration, Part 213, Track Safety Standards, 
Appendix B. 
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APPENDIX B: FEDERAL RAILROAD 
ADMINISTRATION TRACK SAFETY 

STANDARDS 

?ARt 213-TRACK SAFETY 
STANDARDS 

subpo#iA-l 

El scope of put. 
213.3 Application. 
213.5 Reswnsibilltv of tmck owners 
213.7 De&nation bf qualified lemons to 

supervise certain renewals and Insmet 
tnclr. 

213.9 CUws of track: opcratln6 &n!ed 
limit& 

213.11 Restoration or renewal of trrclt 
under traffic conditions. 

213.13 Meururin6 track not under 108d. 
213.15 Civil penalty. 
213.17 Exemptions. 

subpert I)-R8odbod 

213.31 Scope. 
213.33 Drrirupe. 
213.37 Vegetation. 

subpart c-lfwcb GownOtq 

213.51 Scope. 
213.53 Gsge. othenlw noted. 

213.56 Allnement. 
213.57 curvw Ch?V8Uon 8nd #peed uulk- 

uons. 
213.59 ElevMon of curved track runoff. 
213.61 Curve data for Clurcc 4 throulh 6 

tmck. 
213.63 lhck surface. 

213.101 awpe. 
213.163 B8ll8st; general 
218.166 B8llmt; disturbed tmck. 
21a.166 ca8sueA 
213.113 Defective rrils. 
213.115 Rail end mismatch. 
213.117 RAU end batter. 
213.116 Continuous welded rrll. 
213.121 F&II joint& 
213.123 Tk &~lates. 
213.125 Rail anchorin6. 
213.127 ZMck rpIkes. 
213.126 Tr8ck8h.ims. 
213.131 Planks wed tn shimming. 
213.133 Tumoutr uxd trrclr cromhgs gtn. 

CdlY. 
213.135 Swftches. 
213.137 lbom 
213.139 Spring rail frogs. 
213.141 Self-6uarded I-. 
213.143 l’l-06 #uud mlls ami luyl faces; 

eye. 

213.201 Same. 
213.205 Demlls. 
213.207 Switch haterr. 

213.231 r3awx. 
213.233 TTW~ inspcctlons. 
213.235 Switch and track -in6 IIUIWC- 

uons. 
213.237 Xnwection of rail 
213.230 Spcclal inwections. 
213.241 Uwectlon records. 

APPUDIX A-Maxlmurn Allowable Ouerat- 
ing&pttdsforCurvedTmck 

Amm~xs mhedule of Civil Fenaltiec 

AUTWOUITT: Sets. 202 and 20% 64 Stat. 
971, 675 (4s U&C 431 md 436) and &c. 
1.4&n) of the Regulations of the Offlce of 
the Secretuy of Truwortation. 49 CFR 
1AfKnl. 

Sotmn: 36 FR 20336. Oct. 20. 1971. un+ss 

B-l 
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Subpart A-Gwnoml 

g 213J scope of puL 
This part prescribes initial minimum 

safety requirements for railroad track 
that is part of the general railroad 
system of transportation. The require- 
ments prescribed in this part apply to 
specific track conditions existing in 
isolation. Therefore, a combination of 
track conditions, none of which indi- 
vidually amounts to a deviation from 
the requirements in this part, may re- 
quire remedial action to provide for 
safe operations over that track. 

0 2123 Application. 
(a) Except as provided in paragraphs 

(bl and tc) of this section. this part ag 
plies to all standard gage track in the 
general railroad system of transporta- 
tion. 

(b) This part does not apply to 
track- 

(1) Located inside an instalIation 
which is not cart of the general rail- 
road system of transportation; or 

(31 Used exclusively for rapid tran- 
sit, commuter, or other short-haul pas- 
senger service in a metropolitan or 
suburban area. 

(cl Until October 16, 1972. Subparts 
A. B, D (except $213.1091, E, and P of 
this part do not apply to track con- 
structed or under construction before 
October 15, 1971. Until October 16. 
1973, Subpart C and 0 213.109 of Sub 
part D do not apply to track construct- 
ed or under construction before Octo- 
her 15.1971. 

9 212.5 Respomibility d track owncm 
(a) Any owner of track to which this 

part applies who knows or has nctice 
that the track doea not comply with 
the requirements of this part, shall- 

(11 Bring the track into complianaz 
or 

(2) Halt operations over that track 
(b) If an owner of track to which 

this part appl!es assigns responsibility 
for the track to another person (by 
lease or oth&wisel. any party to that 
assignment may petition the Federal 
Ratlroad Administmtor to recognize 
the person to whom that re.sponsib& 
ity is assigned for purposes of compu- 
ance with this part. Each petition 

must be in writing and include the fob 
lowing- 

(1) The name and address of the 
track owner; 

(2) The name and addresa of the 
person to whom responsibility is as- 
signed a?signee): 

(31 A statement of the exact rela- 
tiOnShip between the track owner and 
the assignee: 

(41 A precise identification of the 
track: 

(5) A statement as to the compe- 
tence and ability of the assignee to 
carry out the duties of the track 
owner under this part: and 

(6) A statement signed by the assign- 
ee acknowledging the assignment to 
him Of responsibility for purposes Of 
compliance with this part. 

tc) If the Administrator is satisfied 
that the assignee is competent and 
able to carry out the duties and rw 
snonsibilities of the track owner under 
this part, he may grant the petition 
subject to any conditions he deems 
necessary. If the Administnrtor granti 
a petition under this section, he shall 
so notify the owner and the assignee. 
After the Administrator grants a peti- 
tion, he may, hold the track owner or 
the assignee or both responsible for 
compliance with this hart and subject 
to penaltier under 0 213.15. 

0 212.7 Designation of quaWied persona to 
supervise ceddn rener8lq 8nd inspect 
tnclr. 

(8) Each track owner to which this 
mrt Z@DliC!9 shall designate qualifled 
fmsons to supervise restorattom and 
renewals of track under traffic condt- 
tions. Each person designated must 
have- 

(1lAtleaet 
(1) one year of 8U~rvbo~ experi- 

ence in railrord track maintenance; or 
(ii) A combination of supervisory ex- 

perience in track maintenance an6 
training from a course in track main& 
nance or from a college level educa= 
tional program related to track adn- 
tenana; 

(2) Demonstrated to the owner that 
he- 

(i) Knows and \Lnderstanda the re 
quirementd of this part; 

(Ii) Can detect deviations from those 
requiremenb; and 
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aNpta r Raibood Mmfnhtmtlen 9 213.11 

<iii) C%I’I D-be rPWD*b rtme- 
di8l action to coRcct or 8afely com- 
pensate for those deviation& and 

(3) Written 8uthorix8tion from the 
track owner to prescribe remedi8l8c 
tiona to correct or 88fely compen68te 
~t~iviaians from the requirements 

(b) Esch’tr8ck owner to which this 
put 8DDIie4 rhall designate qurlifkd 
persons to inmect track for defects. 
~l~A~h~esien8ted must have- 

(1) One yea.r of experience in rail- 
road track inspection: or 

(ii) A combin8tion of experience in 
track insDection and tr8inme from a 
course in track insDeMon or from a 
colkge level educat!orml program re- 
wed to track iMQection; 

(21 Demonstrated to the owner that 
he- 

(1) Knows 8nd understands the re- 
quirements of this Dart; 

(ii) C8n detect deviations from those 
requirements: and 

(iii) CWI Drtscrlbe 8DprOprilitJE XWIW- 
di8l action to correct or Mfely com- 
pensate for thoee deviations: 8nd 

(31 Written authorixation from the 
track owner to prescribe remedial 80 
tions to correct or safely compensate 
for deviations from the recmirements 
Of this paf% Pending IWieW by a t~aLi- 
fied Demon deaigmited under pare- 
Orsph (8) Of this Section. 

(cl With respect to desiqnations 
under ~8ragr8~hs (8) md (bl of this 
section, e8ch track owner must main- 
tain written records of- 

(1) Each designation in effect; 
(2) The basis for each designation; 

and 
(3) Track lnspedions made by e8ch 

designated qualified Demon ui re- 
quired by 0 213.241. 
These records must be kept avaflable 
for insDection or copying by the Fed- 
eral R8Uroad Administrator during 
regular business hours. 
136 F+R 20226, Oct. 20. 1971. es unended at 
36 F’R 875. Jan. 5,19731 

$21~mi~ammem of tmcl: opeding mpeed 

(8) EXCt?Dt (Ls provided in DsrsgraPhs 
(bl and tc) of this section rend 
09 213.57(b). 213.5fMaA 213.105, 213.113 

(8) urd (bl. 8nd 213.137 (b) 8nd (cl. the 
Zollowing maximum ailorwble apcrrt 
- rpeeds WDlY: 

tlIlmoapcrbour1 

clu 1 tlwk . . . ...” . . . . . . . 10 16 
chw2trMk.-.--. w a0 
cbrac13ckI---.-. 40 w 
chm 4 tmck .-..“..._ w so 
clam 6 trrL .*----. so w 
clu 6 tmck . . . . . . . . . . . . . . . 110 110 

(bl If a segment of track does not 
meet 8ll of the requirements for its in- 
tended class, it is reclassified to the 
next lowest class of tr8ck for which it 
does meet all of the requirements of 
this tart. However, if it does not 8t 
led meet the requirements for ~18~8 1 
fix%& no ODeMtions may be conchlctcd 
over that aegmen’. except 8s provided 
in 8 213.11. 

<i) Maximum operating speed may 
not exceed 110 m.p.h. without prior 
8pproval of the Federal Railroti Ad- 
ministr8tor: Petitions for rpDrov8l 
must be filed in the manner and con- 
tain the information required by 
5211.11 of this chapter. Each petition 
must provide rufficient information 
concerning the perfommnce charm 
teristics of the track, Um8li.ng, me 
croe&~ Drotection. tresDasser control 
where appropriate. 8nd equigment in- 
volwd and 8lso concemine riminte- 
n8nce 8nd inspection pr8ctices and 
~l’OU?dUreS to be followed, to establish 
that the proposed speed can be sus- 
talned in safety. 
t36 FR 20336. Oct. 20, 1971. 8s unended 8t 
36 FR 675, Jan. 5. 1973; 26 FR 22405. Au6. 
30.19731 

~213.11 Reetoratkm or renewal of track 
under MC conditiwu 

If, during a period of restoration or 
renewal. track is under tr8ffic condi- 
tions 8nd does not meet all of the re- 
quirements prescribed in this pout. the 
work and operations on the tr8ck must 
be under the continuous supervision of 
a Demon designated under Q 213.7(a). 

c 
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6 213.13 Tltlo 49--tranrportatha 

0 213.13 Measuring track not under load. accommodate expected water flow for 
When unloaded track is measured to the area concemed, 

determine compliance with require- 5 213.37 Vegetation. 
men& of this part, the amount of rail 
movement, if any, that occurs while Vegetation on railroad property 
the track is loaded must be added to which is on or immediately adjacent to 
the measurement of the unloaded roadbed must be controlled so that it 
track does not.- 

(38 F’Ft 875. Jan. 5.19731 

0 213.15 Civil pen&y. 

(a) Any owner of track to which this 
part applies. or any person held by the 
Federal Railroad Administrator to be 
responsible under 0 213.5(c), who vi@ 
lates any requirement prescribed in 
this part is subject to a civil penalty of 
at least $250 but not more than $2,500. 

(b) For the purpose of this section, 
each day a violation pemists shall be 
treated 88 a separate offense. 

9 213.17 Excmptionx. 

to) Any owner of track to which th.ia 
part applies may petition the Federal 
Railroad Administrator for exemption 
from any or all requirements pre- 
scribed in this part. 

(b) Each petition for exemption 
under this section must be filed in the 
manner and contain the information 
required by 4 211.11 of this chapter. 

tc) If the Administrator finds that 
an exemption is in the public interest 
and is consistent with railroad safety, 
he may grant the exemption subject 
to any conditions he deems nece=ary. 
Notice of each exemption granted is 
published in the F~DQUL Rx~srrxt t& 
gether with a statement of the reasons 
therefor. 

Subpart R-Roodbod 

0 213.31 scope. 

This subpart prescribes minimum re- 
cWwnenW for roadbed and are= im- 
mediately adjacent to roadbed. 

(a) Become a fire hazard to track- 
carrying structures; 

(b) Obstruct visibility of railroad 
signs and signals; 

(cl Interfere with railroad employees 
performing normal trackside duties; 

(d) Prevent proper functioning of 
signal and communication lines; or 

(e) Prevent railroad employees from 
visually inspecting moving equipment 
from their normal duty stations. 

Subpart C-Track Geometry 

5213.51 Scope 
This subpart prescribes require- 

ments for the gage, alinement. and 
surface of track, and the elevation of 
outer rails and speed limitations for 
curved track 

0213.53 Gag.8 

(a) Gage is meaSured between the 
heads of the rails at rightangles to 
the rails in a plane five-eighths of an 
inch below the top of the rail head. 

(b) Gage must be within the limits 
prescribed in the following table: 

The gx#e or tanKent The m#c of cu#w?d 
clrr of trut muat be- track must be- 

trrd 
At Butlwt At But not 

leant- morethan- lcut morethaa- 

1 . ..-- cc I’s%” 43” 4wb’ 
1 ud 3 . . . 43” (‘WC I’S” 4oTL” 
4 .“.......... 4% 43%” 4% I’SW” 
5 _ ._..-..... a- 4’V 41” 43w’ 
(I..-.-.... (‘8” C1Y” 4% 4’0 

# 213.33 Dminy. 
Each drainage or other water carry- 

0 213.512 Alinement. 

ing facility under or immediately adja- Alinement may not deviate from uni= 
cent to the roadbed must be main- formity more than the amount pre- 
tamed and kept free of obstruction, to scribed in the following table: 

B-4 
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Chapter lI-bdoral Roilrood Administration 3 213.63 

lbbwent tmcL cwedtrock 

The devlatlon of The deviation of 
cl888 of the mld-offrct the midordbaste 

trbck from 624oot line ) from #t-foot chord’ 
abynotbemore nmynotkmore 

thbn- UIUI- 

; -..,::, b” 6- 
r* )” 

3 . . . . ..*.*..... 1%” 1%” 
. . . . . . . . . . . . . . 

d ..“..._... 
1%” 1 H” 
#” n- 

6 . . . . . . -.“. U’ %” 

The end8 of the Une muat be st polntr on the 
e dde of the line ~AU. ftve-eighta of an inch 

e low the top of the &head Mther rsll mby be 
wed u the line rail. however, the umc rail must be 
wed for the full 1-h of that tuUential aesmmt 
of track. 

The end8 of the chord muet be bt polntd on the 
e ride of the outer d. flve-elghtha of UI Inch 

I? low the top of the rallhesd. 

0 213.57 Curvea; elevation and #peed limi- 
tationr. 

V,=Maximurn allowable opcraU.ne apeed 

(a) Except as provided in S213.63. 

tmiles per hour) 

the outside rail of a curve may not be 
lower than the Inside rail or have 
more than 6 inches of elevation. 

(b) The maximum allowable operat- 
ing speed for each curve is determined 
by the following formula: 

V ,=cvc&+3,/0.ooo?d 

where 

E = Actual elevation of the outside mll 
(inches). 

d=Degree of curvature (degrees). 
Appendix A is a table of maximum al- 
lowable operating SKIM computed in 
accordance with this formula for var- 
ious elevations and degrees of CuTva- 
ture. 

0 213.59 Elevation of cur*ed track; nmoff. 
(a) If a curve is elevated, the full ele- 

vation must be provided throughout 
the curve, unless physical conditions 
do not permit. If elevation runoff 
occurs in a curve, the actual minimum 
elevation must be rrsed in computing 
the maximum allowable operating 
8peed for that curve under 0 213.57(b). 

(b) Elevation runoff must be at a 
uniform rate, within the limits of 
track surface deviation prescribed in 
0 213.63. and it must extend at It88t 
the full length of the q&nJs. If phys- 
ical conditions do not permit a spiral 
long enough to accommodate the 
minimum length of runoff, part of the 
runoff may be on tangent track. 

(a) Each owner of track to which 
this part applies shall maintain a 

(5) Maximum allowable operating 

record of each curve in its Classes 4 

speed. 

through 6 track. The record must con- 
tain the following information: 

138 FR 875, Jan. 5.19731 

( 1) Location; 
(2) Degree of curvature; 
(3 1 Designated elevation; 
(4) Designated length of elevation 

runoff; and 

0 213.63 ‘hack awfacc. 
Each owner of the track to which 

this part applies shall maintain the 
surface of its track within the limits 
prescribed in the following table: 

clu8oftmck 
Tnctmlrfme 

\ 1 2 J 4 s 6 

‘Ikenmofflnany21feetofrailbttheendofa 
4al8e mby not be more than . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The cbvlbtlon from unlfobm proille on either 
r&l bt the mldordlnate of a 82-foot chord 
mby not be more than . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Deviation from de&natal elevation on eplrsle 
mby not he more thbn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ybrlbtlonlncra;kve1m8pIrbl8tnu4y 11 feet 
mby not be more than . . . . . . . . . . . . . . . . . . . ..__.. -..- . . . .._ 

Devlatlon from zero emu level at any polnt oh 
Went or from dulgnbt.rd elevbtlon on 
NlV= between 8plml8 mby not be more thbn. 

The difference ln croee level between MY two 
polntr lea8 thy 62 feet apart on wenta and 
curve8 between eptrrlr may not be more than. 

JU” 1” T’ 1%” ’ 1” W’, 

1” 2%” 2%” Y’ 1 W” n- 

1%” 1%” 1%” 1’. k w 

T 1%” 1%” 1” c” y” 

)” 2 l*” ly” 1” n- 

r Y 1%” 1 W” I” w” 

B-5 
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0 2lblOl 

SubpartD--tmckStrudun 

#213.101 Scey. 

This subpart preacribee minimum re- 
qukements for balla& Crosstier. track 
assembly fittings, md the phyeical 
condition of raila. 

Unless It is otherwise structurally 
supported, all track must be supported 
by material which will- 

(a) Transmit and distribute the load 
of the track and rakoad rollina equip- 
ment to the rub; 

(b) Restrain the trrcLt laterally, lon- 
gitudinally, and vertically under dy- 
namic loada imposed by raihoad roll- 
ing equipment and thermal strea8 ex- 
erted by the rails; 

tc) Provide adequate dramage for 
the track and 

(d) Maintain proper track cros& 
level, surface, and altnement 

g 213.106 BalU diatukd tract 

If tmck is disturbed, a person desk- 
nated under 0 213.7 shall examine the 
track to determine whether or not the 
ballast is sufficiently compacted to 
perform the function@ described in 
0 213.103. Lf the pemon making the ex- 
amination considers it to be necemary 
in the interest of safety, operating 
speed over the disturbed segment of 
trackmurrtbereducedtoarpeedthat 
he considers safe 

0 213.109 Croatk 

(a) Crosstiu may be made of any 
materialtowhichrailscanbesecurely 
fastened. The materirl must be capa- 
ble of holding the rails to gage within 
the limitr prescribed in 0 213.33(b) and 
distrtbuting the load from the raila to 
the ballast section. 

(b) A timb,?r croastie Is considered to 
be defective when it is- 

( 1) Broken through; 
(2) Split or otherwlse imp- to 

the extent it will not hold spikea or 
will allow the ballast to work through; 

Tit!0 49-lmnsportotbm 

(3) So deteriorated that the tle plate 
or ba8e of rail can move laterally more 
than one-half inch relative to the crae- 
stle; 

(4) Cut by the tie plate through 
more than 40 percent of its thicknear; 
or 

SUPPORTED JOINT 

x Y t 

(5) Not spiked aa required by 
0 213.127. 

tc) lf timber crossties are used, each 
39 feet of track must be supported by 
nondefective ties PII set forth in the 
following table: 

:r -- f 100 

C8”“- 12 70 U 
o- 14 48 

(d) If Umber tiw are used, the mini- 
mum number of nondefective ties 
under a rail Joint and their relative w 
sitions under the Joint are described in 
the followin chart. The letters in the 
chart correspond to letters under- 
neath the ties for each type of joint 
&Pi&!d. 

SUSPENDED JOINT 

X 

15-6 



TM 5-627/M0-103/AFM 91-33 

Choptof Yl Rohod AdminiMmtion 

aemoftluk 

... ..” ................... _.I.... .. 1 . .... .-............I... . . .... . ... . . . w-s.- LY.aE- XaY. 

............................. . ....... ............. . ..................... ..- .......................................... ....... ..“. .... -. X a 1. 
4.6.0.. ..m... . ..-.-..I - 

k.. 
..-.,...........l.“..-...““. .... sm........--.- ..- 

. y a 

YMdi 
XWdY. 

te) Except in an emergency or for a 
temporary inetallation of not more 
than bmonths duration, cm&lea may 
not be interlaced to take the place of 
switch times. 
C36 FR 36336. Oct. 20. lS+?l. Y uneodod at 
36 FR 675, Jan. 5.16731 

0 213.113 Defective raila 

(a) When an owner of track to which 
this part applies learns. throuh in- 

spection or otherwise. that a rail in 
that track amtalm any of the defects 
listed ln the following table. a person 
designated under # 213.7 shall deter- 
mine whether or not the track may 
continue in uee. If he determines that 
the tracL may continue in use. oper- 
atlon over the defective rail is not per- 
mltted until- 

~1)Therailisreplrocd;or 
(2) The remedial action prescribed in 

the table is initiated: 

Tmmven llrurc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . ..^..” ,$ -.--.. ; 

100 A. 
Compound fhmue . . . . . . . . . . . . . . . . . . . . . . . . .._..... - . . . . . . . . . . . . . . . . . ..-._. m . . . . . . . . . . . . . . . 

loo 90 ii: 
loo i 

net&l hcture ..I.......... ........ “” .................. . . . . . ..... . . . . .. .“. .................. 
lh&leJrnrn~weture ........................................... . . . ......... 

,z . . 

.... “...__..“.._..____.________I.. ..... . P.. . 100 iorIuld lx. 
HorlmnW rp1rt hmd - .. . .. . 0 a w.--.. . H &rid F. 

1 4 .. . ......... . ..... I”. .......... ..“. ..... IondO. 
....................... “_. ..... . . . . . ........ . ........... 

veewo~t head ................... CBmak . . _....._I. . . . . . .. .” !t 
... ..“. ........ -. .... . ..... . .. 

In ldlly;. 
.. -...--.....-I”....... . a cad P. 

mped rell .................................. n 3 “.I ... . ........ “““. ................ lendO. 
........................... 

Bead web m ......... . . . (Break o+ 
..“. .......... I ... . .................. 

In dlhead~.....,,...- - -....v ... - . . ... :: 
. . . . . . ............ “.“.” ... . H’UKI P. 

1:: 
1% -.I- ...... . ““...““. ................ I mid a. 

Bolt hole cmck ........................ . .. . ... .“. . ..- .... . . . . . . ....... . ..... ..“. ............. 
mreok wt In Ianheed). ............................................. it 

Emken beee . ..” .I............._ ..” ... 
: 

6 . . .... . . _“.S........““.. . ...... Euldl. 
.... I”. ... -... . ....... . ... . ...... ..-. crtephce dl). 

fllabwy beck ........... ..“. ...................... -........................ - .- . . ..... A or E. 
DuDeed rail ... .._ .................................................................... I”. .... -. ... ..“. ..... . .. . .” . ..” ....... C. 

NOTK 
A-Am@1pcxm~tedunder~11~.7tovb~UY supavbeeuho#rulwoveldefecuverrsI. 
B-Umlt o#retlne meed to IO m.D.h. over defect&e rail. 
C-Apply Joint bus bolted only throumh the outermart holea to de!ect wlthln # days after It II deter. 

mlncdtocantDuc~e~k~n.Inthc~olducltuyorUhOtrut.umlt -lpccd-dc- 
kctlve dl to 30 m.p.h. until wgle bun are oWled; the?dta. hlt rpscd to 50 m.p.h. or the llyxlmum 
allowable qwed under f 213.0 for the clam of track amemed. whichever h lower. 

D--Apply joint ban bolted only t-h the oulefmat holes tt defect within 10 ~WS after It b deW. 
mlnedtDeontInuethc~lnue.LmlltoDerubu speed over defective rell to 10 m.p.h. until uyk bus 

(,, 
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for the ckm of tmck co- whkW b lower. 

(b) If a rail in classes 3 through 6 
tra,ck or class 2 track on which passen- 
ger trains operate evidences any of the 
conditions listed in the following table. 
the remedial action prescribed in the 
table must be taken: 

Rawaalecuw 

Shelly8paU-. UmltqWd Inrpccc~f8tlfolc 
Hcdehti 

. i 

toWm.p.h lntsnvl dcfecu at 

?cizzY 
ad rhedule lnttm8b of IM 
ChcdlftX MthMeW!i712 

froctun?l replomnalL molltLy 
Mill dews...... 
m.. . . . . . . . . . da-.. 
sllvd . . ..-..- I 

Eizzz?-- 
morethulem70 

. ..“.. Dmmtlm 

tc) Aa used In this section- 

(1) Tran8veme Fissure” means a 
progressive crosmee fracturestarting 
from a crystalline center or nucleus 
inside the head from which it spreads 
outward ss a smooth. bright, or dark. 
round or oval surface substantially at 
a right angle to the length of the Wl. 
The distinguishing features of a tm 
verse fissure from other types of frac- 
tures or defects are the crystalline 
center or nucleus and the nearly 
smooth surface of the development 
which surrounds it. 

(2) “Compound Fissure” means a 
progressive fracture originating in a 
horizontal split head which turns up 
or down in the head of the rail as a 
smooth, bright. or dark surface pro. 
gressuslng until substantially at a right 
angle to the length of the rail. Corn-- 
pound flasures reuuire examination o! 
both faces of the fracture to locate the 
ho&or&al split head from which they 
originate. 

(3) “Horimntal Split Head” means a 
horixontal progressive defect originat 
ing inside of the rail head. usually on+ 
quarter inch or more below the run- 
nine surface and progrwsing ho&on- 
tally ih all directions, and generally ao- 
companied by a flat spot on the rur% 
nlng surface. The defect appears 16 a 
crack lengthwise of the MU when it 
reaches the side of the rail head. 

(4) ‘Vertical Split Bed” means a 
vertical split through or ne8r the 
middle of the head, and extending into 
orthroughiLAc~orruatstreak 
may show under the head close to the 
web or pieces may be split off the side 
of the hW 

(5) “Split Web” meano a lengthwise 
crack along the side of the web and ex- 
tending into or through it. 

(6) T@ed BaiY means a vertical 
split in a rail, usually in the web, due 
to failure of the sides of the shAnkage 
cavity in the ingot to unite in rollin#. 

(7) “Broken Base” means any break 
tnthebaseofarail. 

(8) “Detail Fracture” means a pro- 
gressive fracture originating at or near 
the surface of the rail head. These 
fractures should not be confused with 
transverse fissures, compound fissures, 
or other defects which have internal 
origim. Detail fracturea may arise 
from shelly spots, head checks,. or 
flaldng. 

(9) Tnglne Burn Fracture” means a 
progressive fracture originating in 
spots where driving wheels have 
slipped on top of the rail head. In de- 
veloping downward they frequently N+ 
semble the compound or even Wan& 
verse fissure with which they should 
not be confused or classified. 

(10) “Ordinary Break” means a DUC 
tial or complete break in which there 
is no sign of a fissure, and in which 
none of the other defects deaeribed in 
this pamgraph are found 

(11) “Damaged rail” means any rail 
broken or injured by wrecks, broken, 
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flat, or unbalanced wheels, SlIpping. or 
~imilfu causes. 

(12) “Shelly spots” means a eondi- 
tion where 8 thin (usually three- 
eighths inch in depth or less) shell-like 
piece of surface metal becomes sepa- 
rated from the parent metal in the 
railhead. generally at the gage comer. 
It may be evidenced by a black spot 
appearing on the railhead over the 
sane of separation or a piece of metal 
breaking out completely, leaving a 
shallOW cavity in the railhead. In the 
ease of a small shell there may be no 
surface evidence, the existence of the 
shell being apparent only after the 
rail is broken or sectioned. 

( 13 1 “Head checks” mean hair fine 
cracks which appear in the gage 
comer of the rail head, at any angle 
with the length of the rail. When not 
readily visible the presence of the 
cheeks may often be detected by the 
raspy feeling of their sharp edges. 

(14) “Flaking” means small shallow 
flakes of surface metal generally not 
more than one-quarter inch in length 
or width break out of the gage comer 
of the railhead. 
(36 FR 39336. Oct. 20, 1971. a9 amended at 
33 FR 875. Jsn. 5.1973: 38 FR 1598. Jan. 15. 
19731 

4 213.115 Rail end milmmateh. 
Any mismatch of tails at joints may 

not be more than that prescribed by 
the following table: 

Any mhnatch of mile at jolntd may not 
clan8 of be more than the f0ll0wlne 
tmck 

On the trend of the On the we ride of 
ti ends (inch) the ml1 ends (inch) 

1 . . . . . . . . . . . . . . !4 u 
2 . . . . . . . . . . . . . . % n. 
3 . . . . . . . . . . . . . K. %a 
4. 5 . . . . . . . H H 
6 . . . . . . . . . . . . . H w 

$213.117 Rail end b&er. 
(8) Rail end batter is the depth of 

depression aa one-half inch from the 
rail end. It ls measured by placing an 
l&inch straightedge on the tread on 
the rail end, without bridging the 
joint, and measuring the distance be- 
tween the bottom of the straightedge 

and the top of the rail at one-half inch 
from the rail end. 

(b) Rail end batter may not be more 
than that prescribed by the following 
table: 

CIorr Roil md &ft4?? mou not 
a! be more thon- 

track (tnch) 
1 1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 
2 . . ..-..-................. . . . . . . . . . . . . . . . ...*- _ . . . . . . . . . . . SC 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . k 
4 ” . . . ..-.....-..--.-.“-..““.-......“....”-.--... v4 
5 --.-.- . . . . . -^..- . . . . . I-.-- . . . . -“.-.w”“-.. 
6 . ” . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :: 

0 213.119 Continuous welded rail. 
<a) When continuous welded rail is 

being installed, it must be installed at. 
or adjusted for, a rail temperature 
range that should not result in com- 
pressive or tensile forces that will pro- 
duce lateral displacement of the track 
or pulling apart of rail en& or welds. 

(b) After continuous welded rail has 
been installed it should not be dis- 
turbed at rail temperatures higher 
than its installation or adjusted instal- 
lation temperature. 

4 213.121 Rail joints. 
(a) Each rail joint. insulated joint, 

and compromise joint must be of the 
proper design and dimensions for the 
rail on which it is applied. 

(b) If a joint bar on classes 3 
through 6 track is cracked, broken, or 
because of wear allows vertical move- 
ment of either rail when all bolts are 
tight, it must be replaced. 

(c) If a joint bar is cracked or broken 
between the middle two bolt holes it 
must be replaced. 

Cd) In the me of conventional joint- 
ed track, each rail must be bolted with 
at least two bolts at each joint in 
classes 2 through 6 track. and with at 
least one bolt in class 1 track. 

te) In the c8se of continuous welded 
rail track, each rail must be bolted 
with at least two bolts at each joint. 

(f) Each joint bar must be held in 
position by track bolts tightened to 
allow the joint bar to firmly support 
the abutting rail ends and to allow 
longitudinal movement of the rail in 
the joint to accommodate expansion 
and contraction due to temperature 
variations. When out-of-face, no-slip, 
joint-to-rail contact exists by design, 
the requirements of this paragraph do 
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not apply. Those locations are consid- 
ered to be contmuous welded rail track 
and must meet all the requirements 
for continuous welded rail track pre- 
scribed In this part. 

(g) No rail or angle bar having a 
torch cut or burned bolt hole may be 
used in classes 3 through 6 track. 

(5 213.123 Tie platea 
(a) In classes 3 through 6 track 

where timber crosstles are in use there 
must be tie plates under the running 
rails on at least eight of any 10 con- 
secutive ties. 

(b) Tie plates having shoulders must 
be placed so that no part of the shoul- 
der is under the base of the rail. 

9 213.125 Rail anchoring. 
Longitudinal rail movement must be 

effectively controlled. If rail anchors 
which bear on the sides of ties are 
used for this purpose. they must be on 
the same side of the tie on both rails. 

9 213.127 Track spikea 
(a) When conventional track is used 

with timber ties and cut track spikes, 
the rails must be spiked to the ties 
with at least one line-holding spike on 
the gage side and one line-holding 
spike on the field side. The total 
number of track spikes per rail per tie, 
including plateholding spikes, must be 
at least the number prescribed ln the 
following table: 
Mrmxcm Ncxam OP Tmtx S?ncrs Ra 

RAIL Pm TY INCLUDING PLATE-HOLDING 
SPIKtS 

Tuuent curved CUlVd 
track tNcI( tNct 
and with Wth curved 

curved more more track 
ClVr track than than with 

of with 2’ but 4’ but more 
mck not not not than 

more more more I of 
than than than curva- 
2’ of 4’ of c of tun? 

CUrYC CuTa- cum 
Lure ture twe 

I a 2 

: f : 
: : 

4 1 2 f . . . . . . . . . . . . . . .: 

: 
2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. . . . . . . . . ..-.. 

tit10 49.Tmnsportation 

(b) A tie that does not meet the re- 
quirements of paragraph (a) of this 
section ls considered to be defective 
for the purposes of 9 213.109(b). 
[36 FR 20336. Oct. 20. 1971. 85 amended at 
38 F’Ft 876. Jan. 5. 19731 

4 213.129 Track shims. 
(a) If track does not meet the geo- 

metric standards in Subpart C of this 
part and working of ballast is not pos- 
sible due to weather or other natural 
conditions, track shlms may be in- 
stalled to correct the deficiencies. If 
shims are used. they must be removed 
and the track resurfaced as soon as 
weather and other natural conditions 
permit. 

(b) When shims are used they must 
be- 

(1) At least the size of the tie plate: 
(2) Inserted directly on top of the 

tie, beneath the rail and tie plate: 
(3) Spiked directly to the tie with 

spikes which penetrate the tie at lea! 
4 inches. 

(c) When a rail is shimmed more 
than 1% inches, it must be securely 
braced on at least every third tie for 
the full length of the shimming. 

(d) When a rail is shimmed more 
than 2 inches a combination of shims 
and 2-inch or 4-inch planks. as the 
case may be, must be used with the 
shims on top of the planks. 

8 213.131 Plankn used in shimming. 
(a) Planks used in shimming must be 

at least as wide as the tie pfates. but in 
no case less than 5% inches wide. 
Whenever possible they must extend 
the full length of the tie. If a plank is 
shorter than the tie, it must be at 
least 3 feet long and its outer end 
must be flush with the end of the tie. 

(b) When planks are used in shim- 
ming on uneven ties, or if the two rails 
being shimmed heave unevenly, addi- 
tional shims may be placed between 
the ties and planks under the rails to 
compensate for the unevenness. 

(c) Planks must be nailed to the ties 
with at least four 8-inch wire spikes. 
Before spiking the rails or shim 
braces, planks must be bored with %- 
inch holes. 

B-10 
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placed. Metal flow must be removed to 
insure proper closure. 
9 213.137 From. 

Chapter IlLedoml Railrood Adminirtrotion 

9213;9.l~mouta and tnck crouinp 
. 

(a) In turnouts and track crossings, 
the f&enings must be intact and 
maintained so as to keep the compo- 
nents securely in place. Also, each 
switch, frog, and guard rail must be 
kept free of obstructions that may in- 
terfere with the passage of wheels. 

(bl Classes 4 through 6 track must 
be equipped with rail anchors through 
and on each side of track crossings and 
turnouts, to restrain rail movement af- 
fecting the position of switch points 
and frogs. 

(cl Each flangeway at turnouts and 
track crossings must be at least 1% 
inches wide. 
C36 FR 20336. Oct. 20. 1971. as amended et 
38 FR 876. Jan. 5.19731 

(a) The flangeway depth measured 
from a plane across the wheel-bearing 
area of a frog on class 1 track may not 
be less than 1 SC inches, or less than 1 M 
inches on classes 2 through 6 track. 

(b) If a frog point is chipped, broken, 
or worn more than five-eighths inch 
down and 6 inches back, operating 
speed over the frog may not be more 
than 10 miles per hour. 

(c) If the tread portion of a frog 
casting is worn down more than three- 
eighths inch below the original con- 
tour. operating speed over that frog 
may not be more than 10 miles per 
hour. 

9 213,135 Switches. 

(al Each stock rail must be securely 
seated in switch plates, but care must 
be used to avoid canting the rail by 
overtightening the rail braces. 

(b) Each switch point must fit its 
stock rail properly, with the switch 
stand in either of its closed positions 
to allow wheels to pass the switch 
point. Lateral and vertical movement 
of a stock rail in the switch plates or 
of a switch plate on a tie must not ad- 
versely affect the fit of the switch 
point to the stock rail. 

tc) Each switch must be maintained 
so that the outer edge of the wheel 
tread cannot contact the gage side of 
the stock rail. 

9 213.139 Spring rail frogu. 

(a) The outer edge of a wheel tread 
may not contact the gage side of a 
spring wing rail. 

(b) The toe of each wing rail must be 
solidly tamped and fully and tightly 
bolted. 

tc) Each frog with a bolt hole defect 
or head-web separation must be re- 
placed. 

(d) Each spring must have a tension 
sufficient to hold the wing rail against 
the point rail. 

te) The clearance between the hold- 
down housing and the horn may not 
be more than one-fourth of an inch. 

9 213.141 Self-yarded frogs. 

(dl The heel of each switch rail must 
be secure and the bolts in each heel 
must be kept tight. 

(e) Each switch stand and connect- 
ing rod must be securely fastened and 
operable without excessive lost 
motion. 

(al The raised guard on a self-guard- 
ed frog may not be worn more than 
three-eighths of an inch. 

(b) If repairs are made to a self- 
guarded frog without removing it from 
service, the guarding face must be re- 
stored before rebuilding the point. 

(f) Each throw lever must be main- 
tained so that it cannot be operated 
with the lock or keeper in place. 

(gl Each switch position indicator 
must be clearly visible at all times. 

(h) Unusually chipped or worn 
switch points must be repaired or re- 

9 213.143 Frog guard rails and guard 
facc8; gage. 

The guard check and guard face 
gages in frogs must be within the 
limits prescribed in the following 
table: 

0 213e.143 
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5 213aol 

Ouard ch8ck M ouud f8ce #UC 
The dbt8IKa 

between the ga#e The dbtulce 
IlIWOf8fl-OStO between guud 

Clam the#‘uafdUne’of Itnea ‘meuwd 
of lt8#uuddlor 8crmsthermck 

true nrudlruhn U right u&a 
meuumd m to the me We. ’ 

the track 8t rkht m8ynotbemorr 
~@a to the M th8n- 
Ilne.~mwnotbe 

lam umll- 

1 . . . . . . . . . . II%” 43%” 
1 . . . . . . . . . . . . . . 4w4" 43%" 
3. 4 . . . . . . . . . 48Q” 45H” 
5. 6 . . . . . . . . 4’6 cc” 4%” 

*AlIne tion# thu side of the fluwww rhlch b 
neuer to the ten: ,og.he trrrLr ud et the auw 
elcvulon u the 

*Aune Y inch be w the tap of the center line of 7 
the head of the ~nttins f8U. Or Co- I- 
tlon of the treui portlom of the LrrL Wure. 

Subpart E-Trod Appkncor and 
tmck-Rolatod Dovicos 

9 213.201 Scope 
This subpart prescribes minimum re- 

quirements for certain track applI- 
antes and track-related devicea 

9 213.205 De&la. 

(a) Each derail m:ut be clearly vi& 
ble. When in a locked position a derail 
must be free of any lost motion which 
would allow it to be operated without 
removing the lock- 

(b) When the lever of a remotely 
controlled derail is operated and 
latched it must actuate the derail. 

9 213.207 Switch heaters. 
The operation of a switch heater 

must not interfere with the proper og 
eration of the switch or otherwise 
jeopardize the safety of railroad equip 
ment. 

Subparl t-Jnsputh 

9 213.231 stopa 
This subpart prescriber requin- 

ments for the frequency and manner 
of inspecting track to detect deviationa 
from the staxlards prescribed in this 
part. 

9 213.232 Track Inspectiona 

(a) All track must be lnspectecl in ac- 
cordance with the schedule prescribed 

litlo 46lranrportdiom 

in paragraph (c) of this section by a 
person designated under 9 213.7. 

(bl Each inspection must be made on 
foot or by riding over the track in a ve- 
hicle at a speed that allows the person 
making the inspection to visually in- 
spect the track structure for compli- 
ance with this part. However, mc- 
chanlcal. electrical and other track ln- 
spection devices may be used to sup 
plement visual inspection. If a vehicle 
is used for visual inspection, the speed 
of the vehicle may not be more than 5 
milea per hour when p#Wng over 
track crossings. highway cro&ngs. or 
switches- 

(c) Each track inspection must be 
made in aa-zordance with the following 
schedule: 

clu of mm of Required frequency 
tlmck tluck 

1, 2. 5 . . ..-........ Maln treck 
and ddinp. 

1. 2, 3 . . . ..-.. - Other than 

iitfi.lz 

4. 5. 0 . . ..-.................................... 

week& wltb 8t lemt 
3alendud8y8 
lnterv8l between 

bl.EzfRE 
tmckbueedlau 
thenoaac8wek. 

tat% tee&y with U 
Ieut 1 aler&r 
d8Y In- 
between 
lnmectlonr U the 
tmck- 
Duunrer trrhr or 
more th8a 10 
m.lUton mom tarp 
of traffic durlnr 
-Pm 
cbndu yeu. 

Monfhly with l leut 
10 crlendu d8ys 
lnterv8l ktweefl 
LNpcc(i- 

nmcewawyrtth8t 
leut 1 calendar 
QY IntewU 
between 
-Imu. 

(d) If the person making the inspec- 
tion finds a deviation from the re- 
quirements of this part, he shall lm- 
mediately initiate remedial action. 
138 m 20330, Oct. 20.1971.m rmcnded rt 
40 P’R 8588. Pcb. 28.19751 

(a) Except aa provided in mh 
(b) of this section. each switch and 
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track crossing must be inspected on 
foot at least monthly. 

(bl In the case of track that i6 used 
less than once a month, each switch 
and track crossing must be inspected 
on foot before it is used. 

9 213.237 Inmpection of rail. 
(a) In addition to the track inspec- 

tions required by 9 213.233. at least 
once a year a continuous search for ln- 
temal defects must be made of all 
jointed and welded rails in Classes 4 
through 6 track, and Class 3 track over 
which passenger trains operate. How- 
ever, in the c&e of a new rail, if before 
installation or within 6 months there- 
after, it is inductively or ultrasonically 
inspected over its entire length and all 
defects are removed, the next continu- 
ous search for internal defects need 
not be made until 3 years after that 
inspection. 

(b) Inspection equipment must be 
capable of detecting defects between 
joint bars, in the area enclosed by 
joint bars. 

(cl Each defective rail must be 
marked with a highly visible marking 
on both sides of the web and base. 

C36 F’R 20336. Oct. 20. 1971. es unended et 
38 F’R 876. Jan. 5.19731 

9 213.239 Special inrpectionr. 
In the event of fire, flood, severe 

storm, or other occurrence which 
might have damaged track structure. a 

special inspection must be made of the 
track involved = soon as possible after 
the occurrence. 

9 213.341 lnrpection recorda. 
(al Each owner of track to which 

this part applies shall keep a record of 
each inspection required to be per- 
formed on that track under this rub- 

Part. 
(b) Each record of an inspection 

under 99213.234 and 213.235 shall be 
prepared on the day the inspection is 
made and signed by the person making 
the inspection. Records must specify 
the track inspected. date of inspection, 
location and nature of MY deviation 
from the requirements of this part. 
and the remedial action taken by the 
person making the inspection. The 
owner shall retain each record at its 
division headquarters for at least 1 
year after the inspection covered by 
the record. 

tc) Rail inspection records must 
specify the date of inspection, the lo 
cation, and nature of any internal rail 
defects found. and the remedial action 
taken and the date thereof. The owner 
shall retain a rail inspection record for 
at least 2 years after the ins&&ion 
and for 1 year after remedial action is 
taken. 

(dl Each owner required to keep in- 
spection records under this se&Ion 
shall make those records available for 
inspection and copying by the Federal 
Railroad Administrator. 

AYru8txA--YnrmnALLowuu~ ~mxctmvmT8Aa 
Tkvulon or outm dl tIneha) 

ame of 
0 H 1 1s 2 1% 3 JW 4 4% I 5th 6 

cwvuure 
. X8xlmum 8Uoosblc om speed (mph) 

. . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . 

0’50’ . . . . . . . . . . . . 72 
1’00 . . . . . . . . . . . . . . . . 68 
l’lS’........_-.. . . 59 63 0 72 
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9213.241 Titlo 490Tronsportotion 
AmuDu A-MA.xxrm wwuu OraATfrG - COB CVRVQ m<ontb@ 

Dmtlm of outer r8U (Incha) 

0 Y 1 1% 1 DCFC of fY 3 5u 4 4% 5 5% 0 

CuxTuure 
blulmum aUow8ble opcrUin# speed (mph ) 

5’oQ...--.-, ii 3a :: :t 38 40 41 43 45 
5’30 - . ..“““.... 30 36 40 41 43 
d’ov . . . . . . . . . -- 
s-w . . . . . . . . ...“” 

f3 2 31 33 35 
ii 

ii :t 41 
30 31 :1 I5 39 

7-w . . . ...““_ - 30 34 3s 3a 
VW -.-.-_.- ii 2 2 
p’w.--- 
IO’W” . . . . ...“... if 

a4 as 
it 30 

n” 

:: :: :: 35 

:: :“t 
1 l’W...-..... 20 :: ii :: as ii i.i 2 30 
la-w __._...._ le a0 aa a3 a4 2s n a@ 

46 48 49 51 
44 46 47 48 
42 44 45 46 
:: 41 43 45 

40 41 43 
40 :3 31 39 

30 
:3 :t 

:: :t 34 
20 31 :1 33 
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ArPrnDxr B-BCRXDOU O? CIVIL RN8I.Tu8 

Appendix B reflecu a statement of policy 
by the Fedcrrl RUrod Administration in 
making applkable t.o Part 213 a specific civil 
penalty for a vlolatlon of putkulu sectlo~ 
of this put. 

VI0 HU’ 
I8tlon VIOL 

SubpVr A43encmL 
213s RaporvrbUltr of tmck 

ownen . . . . . . . ..“..“. “.. 3l.oM $a.om 
113.7 DewnatIon of qudfled 

persow to SuDervtm 
cerwn rcnewus 8Ibd 
lNM track-.-” SW 1.004 

213.8 c!wcr of trut: 
oocr8tlna weed 
~UIJ . . . . . . . . . . . . . . . . - 1.000 a.000 

an.11 Izaaulon or re- 
of tract under 
tr8fflc condltlonr..-. 1.000 1.W 

213 13 MeMurlJu tmck MI 
under lod _....._. - 500 l.oao 

C3F B-R08dbe DraInwe . . . ..__....._.._. 500 1.lmo 
213 37 VeQtar10a . . . . . . . . . . . . . . . . . . . . _. 500 l.oao 
SubDut C-Tack reomct~ 
213 53 Oue . . . . . . . . . ..-- _ _-... - . . ..- 750 1.500 
213 55 AJlncmcnt . . . . . . . . . . . . .._-__ no 1.500 
213.57 cum?% elcv8tloa 8nd 

weed Ilmluclom.....” 750 1.500 
al3 5m Pmtion of cumed 

tlmck. runoff . . . . . . ..- 750 1.500 
213 01 Curve d8t4 for cW 4 

throwh 6 .-.---- 500 l.ooo 
213 03 rr8ck surfMe “--- 750 1.500 
subuft~~surfur: 
213.103 BUut; reneml so 1.009 
213.loe B8uMt.dlslurbed- 500 Loo0 
213.M CrwatlU ..“...........““.....-... 750 1.500 
ai3.113 Defective U . .._- 1.00) a.500 
213.11s 

EZF--- 
540 l.ooo 

alJ.111 . . ..^ . . . . . . . . . 500 l.ow 
213.1lS Contlnuou welded miJ _. 5a l.ooo 
ai3.131 RAkIJomU.” ..““...“.. _ .“.._ ” . . . . . . . . . . . . -.“” 
213.1ah . . . . . . . . . ..- . .._..___ 5m l.wo 
al3.13ib _-_- _..-.._ -- 500 l.ooa 
ai3.iaie I.-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l.ooo 2.m 
213.iaid . . . ..__.... . . .._.._......_....._ _ 5m l.ooo 
213 1218 ._............_. ..- . . . ..I._.........._. 500 l.ooo 

Vb ma’ 
huon VIOL 

213 1211 ._...__....................-........-.-. 500 Iwo 
213.iau . . . . . . . . . . . . . . . . ..__._.............-.- 500 1,ooo 
213 121 Tie Dbt4W .-.... -...- . . . . - 5w l.am 
213 125 FtUl snchorltu _. ._ . . . 750 1500 
213.127 lhck spiker . . . . . . . ..^......” 750 15m 
213.12S Track shlmr... . . . . . . -.....- _ 500 l.ooo 
213.131 Pl8nksuedlxl 

shunmln@ -....... -..._.. _. 500 1.060 
213.133 TUJTIOU~J end Lr8ck 

croui.1~8 genemlly . . . 500 1300 
213.135 SwItcha . . . . . . . . . . . . . . .._ 500 l.ooo 
213 137 ROQ . . . . . . . . . . . . . . . . . . . . . . .._ 500 l.ooo 
213 I39 SDrm# lall frogs... -.-...- 750 1,500 
213 141 Self-muded from . . . . . . .._ 500 1300 
213 143 Frosmmrdmllamd 

Duti fmcrr; PMI? . . . . . . . 500 Low 
SubM CThck r~~lbnces and 

tact-relaed devices 
213 20s Deruls . . . . . . . . . . . . ...“....” . . . . . . . 500 1000 
213.207 Switch heaters . . . . . .-.._.._.. 500 l.ow 
Subput ?-Ins~lon: 
213.233 Trsck lna~lorm . . .._...-_ 500 l.ooe 
213.235 Switch and track 

cm.sBmQ mspxtlon8 500 l.ooo 
213.237 Inspection of rrll............. 750 1.500 
213.239 spechl i.NpectloN . . . . . . . ” 500 loo0 
213.241 Irwpeetlon record8 . . . . . . . . . . 750 1.500 

Narr t Per the purpoea of thla appcndlx. a ha 
udoul vlolMon la one lnvolv~ M imxtwdiue 
huvd of desth or InJury. or when M actual acei- 
dent. death or InJury resulta from the violation 
The Ad.mhlstrs&or reserves the rul.lority to WII 
the mulmum penalty of S2.500 for a vIoldon of 
MY sectlon or subvaion contuned in Pwt 213. 

139 FR 12351. Apr. 5. 19741 
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APPENDIX C. GLOSSARY 

A 

Acid Bessemer.-Steel made by the bessemer 
process in a furnace having an acid lining, 
usually ganister or other highly siliceous 
material. Phosphorus and sulfur are not 
removed in the refining process. 

Acid Open-Hearth.-Steel made by the open- 
hearth process in a furnace lined with acid or 
siliceous material. Because of the character 
of the furnace, an acid slag must be 
employed for refining the bath in this 
process. Since phosphorus and sulfur are not 
removed by an acid steel making process, the 
metallic charge must be made up of specially 
selected pig iron and scrap. 

Adzing Machine.-Portable power-operated 
machine designed to adz the rail seat on ties 
to provide proper bearing for rail or tie 
plates. 

Alignment.-The horizontal location of a 
railroad as described by curves and 
tangents. 

Antisplitting Iron.-A piece of steel strip, 
bevelled on both sides at one edge, and bent 
to a desired shape, for application by driving 
into the end (cross section) of a tie or timber 
to control its splitting. 

Asphalt Cement.-A fluxed or unfluxed 
asphaltic material, especially prepared as to 
quality and consistency, suitable for direct 
use in the manufacture of asphaltic 
pavements, and having a penetration of 
between 5 and 250. 

B 

Ballast.-Selected material placed on the 
roadbed for the purnose of holding the track 
in line and surface. 

Ballast Curb.-A longitudinal timber placed 
along the outer edge of the floor on ballast 
deck bridges to retain the ballast. 

Batter.-The deformation of the surfaceof the 
head of the rail in the immediate vicinity of 
the end. 

Batter.-A deviation from the vertical in 
upright members of a trestle bent. 

Batter Pile.-One driven at an inclination to 
resist forces which are not vertical. 

Bent.-The group of members forming a 
single vertical support of a trestle, 
designated as pile bent where the principal 
members are piles, and as framed bent 
where of framed timbers. 

Berm.-(a) The space left between the top or 
toe of slope and excavation made for 
intercepting ditches or borrow pits: (b) An 
approximately horizontal space introduced 
in a slope. 

Bond.-In stone or brick masonry, the 
mechanical disposition of stone, brick, or 
other building blocks by overlapping to 
break joints. (See English Bond; Flemish 
Bond.) 

Borrow (noun).-All material used in 
making embankments, which does not come 
from necessary excavation. 

Borrow Pit.-An excavation made for the 
purpose of obtainingembankment material. 

Branch Line.-The secondary line or lines of a 
railway. 

Branding.-The identification markings hot 
rolled in raised figures and letters in the rail 
web indicating the weight of rail and section 
number, type of rail, kind of steel, name of 
manufacturer and mill, and year and month 
rolled. 

Bridge Tie.-A transverse timber resting on 
the stringers and supporting the rails. 

Broken Base.-Any break in the base of a rail. 

Brush--Trees less than 4-inch stump-top 
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diameter, shrubs or branches of trees that 
have been cut off. 

Bulkhead.-A structure to prevent sliding of 
natural ground or fill material into the 
water; the limiting wall or structure along a 
waterfront. 

Bulkhead.-Timbers placed against the 
embankment side of an end trestle bent to 
retain the embankment. 

Burrs.-The rough edges left at the end of a 
rail when sawed; or on the side of the web 
when drilling bolt holes. 

C 

Camber.-Slight convexity built into a span to 
counteract sag resulting from elastic 
deflections. 

Cant.-The inward inclination of a rail, 
effected by the use of inclined-surface tie 
plates, usually expressed as a rate of 
inclination, such as 1 in 40, etc. 

Cap.-A horizontal member on the top of piles 
or posts, connecting them to form a bent. 

Cap-Stringer Strap.-A piece of round, 
square, or structural shape iron or steel, 
either straight or bent, used to fasten 
stringers to a cap by means of horizontal 
bolts without the use of drift bolts. 

Car Retarder.-A braking device, usually 
power-operated, built into a railway track to 
reduce the speed of cars by means of 
brakeshoes which, when set in braking 
position, press against the sides of the lower 
portions of the wheels. 

Cast Iron.-Alloys of iron containing 1.7 to 4.5 
percent carbon as cast, and usually not 
appreciably malleable at any temperature. 

Cinders.-The fused residue from coal burned 
in locomotives and other furnaces. 

Closure Rails.-The rails between the partsof 
any special trackwork layout, as the rails 
between the switch and the frog in a turnout 
(sometimes called the Lead Rails or 

Connecting Rails); also the rails connecting 
the frogs of a crossing or of adjacent 
crossings, but not forming parts thereof. 

Compound Fissure.-A progressive fracture 
originating in a horizontal split head which 
turns up or down in the head of the rail as a 
smooth, bright or dark surface, progressing 
until substantially at a right angle to the 
length of the rail. Compound fissures require 
examination of both faces of the fracture to 
locate the horizontal split head from which 
they originate. 

Compressive Strength.-The maximum 
compressive stress which a material is 
capable of sustaining. 

Compromise Joint (Bar).-Joint bars 
designed to connect rails of different fishing 
height and section, or rails of the same 
section but of different joint drillings. 

Compromise Joint (Rail).-A joint for 
uniting the abutting ends of contiguous rails 
of different sections, or of rails of the same 
section but of different joint drillings. 

Continuous Welded Rail.-A number of rails 
welded together in lengths of 400 feet or 
longer (CWR). (See also Welded Rail.) 

Contract.-A written agreement between two 
or more parties specifying terms, conditions, 
etc., under which certain obligations must be 
performed. (Specifications are a part of the 
contract.) 

Conventional Sign.-A symbol, such as a 
mark, character, abbreviation, or letter, 
selected or sanctioned by general agreement 
or common use to indicate upon map or plan 
certain forms, conditions, or objects, both 
natural and structural. 

Corrosion.-The dissolving or eating away of 
the surface of metal through chemical 
action, either regularly and slowly as by 
rusting in air, or irregularly and rapidly as 
by pitting and grooving in the interior of 
boilers. 

Corrugated Rail.-A rough condition on the 
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rail tread of alternate ridges and grooves, 
which develops in service. 

Coupler.-The device by means of which any 
car or machine to be towed is connected to 
the towing agency. Coupler includes draw 
head, and coupler links and pins, or other 
device for connecting two draw heads. 

Coupler Drawbar.-The portion of a coupler 
used to connect the draw heads of two cars or 
other units of roadway machinery. 

Coupler Drawhead.-That portion of a 
coupler that is rigidly attached to motor car, 
trailer, or unit of roadway machinery 
designed to be towed. 

Creosote-As used in wood preserving, 
creosote is a distillate of coal tar produced by 
high-temperature carbonization of 
bituminous coal; it consists principally of 
liquid and solid aromatic hydrocarbons, and 
contains appreciable quantities of tar acids 
and tar bases; it is heavier than water; and 
has a continuous boiling range of at least 
125’ C beginning at about 200” C. 

Crop End.-A piece cut from the end of a 
bloom or rail during manufacture. 

Crossing (Track).-A structure, used where 
one track crosses another at grade, and 
consisting of four connected frogs. 

Bolted Rail.-A crossing in which all the 
running surfaces are of rolled rail, the 
parts being held together with bolts. 

Manganese Steel Ins&.-A crossing in 
which a manganese steel casting is 
inserted at each of the four intersections, 
being fitted into rolled rails and forming 
the points and wings of the crossing frogs. 

Solid Manganese Steel .-A crossing in which 
the frogs are of the solid manganese steel 
type. 

Movable Point.-A crossing of small angle in 
which each of the two center frogs consists 
essentially of a knuckle rail and two 
opposed movable center points with the 
necessary fixtures. 

Single-Rail.-A crossing in which the 
connections between the end frogs and the 
center frogs consist of running rails only. 

Two-Rail.-A crossing in which the 
connections between the end frogs and the 
center frogs consist of running rails and 
guard rails. 

Three-Rail.-A crossing in which the 
connections between the end frogs and the 
center frogs consist of running rails, guard 
rails, and easer rails. 

Crossing Plates.-Plates interposed between 
a crossing and the ties or other timbers to 
protect the ties and to better support the 
crossing by distributing the loads over 
larger areas. (For names and descriptions 
of various styles, see Plan Basic. No. 700-D 
in the Portfolio of Trackwork Plans.) 

Center Frogs.-The two frogs at the opposite 
ends of the short diagonal of a crossing. 

End Frogs.-The two frogs at the opposite 
ends of the long diagonal of a crossing. 

Knuckle Rail.-A bent rail, or equivalent 
structure, forming the obtuse point 
against which the movable center points, 
of a movable point crossing or slip switch, 
rest when set for traffic. 

Movable Center Point.-One of the movable 
tapered rails of a movable point crossing 
or slip switch. 

Running Rail.-The rail or surface on which 
the tread of the wheel bears. 

Crossover.-Two turnouts with the track 
between the frogs arranged to form a 
continuous passage between two nearby and 
generally parallel tracks. 

Double.-Two crossovers which intersect 
between the connected tracks. 

Cross Section.-A vertical section of the 
ground at right angles to the centerline. 

Crushed Head.-A “flattening” or crushing 
down of the head of a rail. 

Curve-Compound.-A continuous change in 
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direction of alignment by means of two or 
more contiguous simple curves of different 
degrees having a common tangent at their 
junction points. 

Degree of-The angle subtended at the 
center of a simple curve by a loo-foot 
chord. 

Easement.-A curve whose degree varies 
either uniformly or in some definitely 
determined manner so as to give a gradual 
transition between a tangent and a simple 
curve, which it connects, or between two 
simple curves. 

Reverse.-Two contiguous simple curves in 
opposite directions, with a common 
tangent at their junction point. 

Simple.-A continuous change in direction 
of alignment by means of an arc of a single 
radius. 

Vertical.-An easement curve in the track to 
connect intersecting grade lines. 

Curved Lead.-The distance between the 
actual point of switch and the half-inch point 
of the frog measured on the outside gage line 
of the turnout. 

D 

Damaged Rail.-Any rail broken or injured 
by wrecks, broken, flat or unbalanced 
wheels, slipping or similar causes. 

Dating Nail.-A nail with a head having a 
raised or depressed number or symbol which 
is driven into a longitudinal surface of a pile, 
pole, tie, or timber to identify the year in 
which the material was treated. 

Decay.-Disintegration of the wood substance 
due to the action of wood destroying fungi. 

Depth (Ballast).-The distance from the 
bottom of the tie to the top of thesubgrade. 

Derail.-A track structure for derailing 
rolling stock in case of an emergency. (See 
also Switch Point Derail.) 

Detail Fracture.-A progressive fracture 

originating at or near the surface of the rail 
head. These fractures should not be confused 
with transverse fissures, compound fissures, 
or other defects which have internal origins. 
Detail fractures usually have their origins in 
the following types of defects, and progress 
crosswise into the head of the rail. 

Shell.-Where a thin shell of metal becomes 
separated from the head, usually at the 
gage corner. 

Head Checks.-Usually at or close to the 
gage corner where movement or flow of 
surface metal is sufficient to start a 
hairline crack. 

Diesel (see Engine). 

Dock.-(a) A natural or artificial inlet or basin 
used by boats, including both the water and 
the protecting sides. (b) A structure against 
which boats land to discharge cargoes and 
passengers. Synonymous with wharf and 
used very generally on the Great Lakes. 

Drift Bolt.-A piece of round or square metal, 
withor without head or point andof specified 
length, driven as a spike. 

E 

Electrolysis.-The process whereby an 
electric current passing from an electrode to 
an electrolyte or vice-versa, causes chemical 
changes to take place in the electrolyte. 
Electrolysis is also the process of 
decomposition which is aided by the passage 
of an electric current. 

Elevation (of Curves) (Superelevation).- 
The vertical distance that the outer rail is 
above the inner rail. 

Embankment (or Fill).-A bank of earth, 
rock, or other material constructed above the 
natural ground surface. 

End Chipping.-The loosening of the metal on 
the top or gage side of the end of a rail. 

End Hardening.-Heat treatment of the top 
portion of the heads of rails at the ends to 
minimize rail batter. 

%-! 
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End Overflow.-A projection of metal into 
the joint gap at the top or side of the head of a 
rail. 

Engine Burn Fracture.-A progressive 
fracture originating in spots where driving 
wheels have slipped on top of the rail head. In 
developing downward they frequently 
resemble the compound or even transverse 
fissure with which they should not be 
confused or classified. 

Equipment.-Motive power and other rolling 
stock, floating equipment, and highway 
vehicles used in transportation service. 

F 

Facility.-Property physically distinct and 
capable of rendering a specific service. 

Fastenings.-Joint bars, bolts, and spikes. 

Auxiliary.-Nutlocks, spring washers, tie 
plates, rail braces, and anticreeping 
devices. 

Fishing Space.-The space between the head 
and base of a rail occupied by the joint bar. 

Fish-Plate.-A short piece lapping a joint, 
secured to the side of two members, to 
connect them end to end. 

Flare.-A tapered widening of the flangeway 
at the end of the guard line of a track 
structure, as at the end of a guard rail or at 
the end of a frog or crossing wing rail. 

Opening.-The distance between the gage 
line and the guard line of a track structure 
at the wider end of the flair. 

Flangeway.-The open way through a track 
structure which provides a passageway for 
wheel flanges. 

Depth.-The depth of the wheel flange 
passageway, or the vertical distance from 
the top of the tread surface to the top of the 
filter or separator introduced between the 
tread portion and the guard portion of a 
track structure. 

Width.-The distance between the gage line 

and the guard line of a track structure, 
which provides a passageway for wheel 
flanges. 

Flowed Head.-A rolling out of the metal on 
top of the head of a rail toward the sides 
without showing any indication of a 
breaking down of the head structure. 

Footing.-A structural unit used to distribute 
wall or column loads to the foundation 
materials. 

Foundation.-Material, including piling or 
other special construction, which supports 
the structure and its loads. 

Framed Trestle.-A structure in which the 
upright members or supports are framed 
timbers. 

Frog.-A track structure used at the 
intersection of two running rails to provide 
support for wheels and passageways for 
their flanges, thus permitting wheels on 
either rail to cross the other. 

Bolted R@d.-A frog built essentially of 
rolled rails, with fillers between the rails, 
and held together with bolts. (For names of 
detail parts, see Plan Basic No. 390 in the 
Portfolio of Trackwork Plans.) 

Spring-Rail.-A frog having a movable 
wing rail which is normally held against 
the point rail by springs, thus making an 
unbroken running surface for wheels 
using one track, whereas the flanges of 
wheels on the other track force the 
movable wingrail away from the point rail 
to provide a passageway. 

Spring-Rail, Right Hand and L&t Hand.- 
Standing at the toe end of a spring-rail 
frog and looking toward its point, a right- 
hand frog has the movable wing rail 
located on the right-hand side, and a left- 
hand frog has the movable wing rail 
located on the left-hand side. 

Railbound Manganese Steel.-A frog 
consisting essentially of a manganese steel 
body casting fitted into and between rolled 
rails and held together with bolts. 

c-5 :“- 13.5) 



TM 5627/MO-103/AFM 91-33 

Solid Manganese Steel.-A frog consisting 
essentially of a single manganese steel 
casting. 

Self-Guarded (Flange Frog).-A frog 
provided with guides or flanges, above its 
running surface, which contact the tread 
rims of wheels for the purpose of safely 
guiding their flanges past the point of the 
frog. 

Clamp.-A frog built essentially of rolled 
rails, with fillers between the rails, and 
held together with clamps. 

Angle.-The angle formed by the 
intersecting gage lines of a frog. 

Number.-One-half the cotangent of one-half 
the frog angle, or the number of units of 
centerline length in which the spread is 
one unit. 

Point.-That part of a frog lying between the 
gage lines extending from their 
intersection toward the heel end. 

Theoretical.-The point of intersection of 
the gage lines of a frog. 

Half-inch.-A point located at a distance 
from the theoretical point toward the 
heel equal in inches to one-half the frog 
number, and at which the spread 
between the gage lines is l/2 inch. It is 
the origin from which measurements 
are usually made. 

Guard.-The point formed by guards 
introduced or extended into the toe portion 
of a frog. 

Heel End of.-That end of a frog which is the 
farther from the switch; or, the end which 
has both point rails or other running 
surfaces between the gage lines. 

Heel Length.-The distance between the heel 
end and the half-inch point of a frog, 
measured along the gage line. 

Heel Spread.-The distance between the 
gage lines at the heel end of the frog. 

Throat of.-The point at which the 
converging wings of a frog are closest 
together. 

Toe End of.-That end of a frog which is 
nearer the switch; or, the end which has 
both gage lines between the wingrails or 
other running surfaces. 

Toe -.--The distance between the toe 
end and the half-inch point of a frog, 
measured along the gage line. 

Toe Spread.-The distance between the gage 
lines at the toe end of the frog. 

Wing Wheel Risers.-Raised portions 
provided on the top surfaces of the wings of 
a frog, more particularly when of 
manganese steel design, directly opposite 
the point and gradually sloping down to 
the general level of the running surface, 
thereby providing additional metal at 
those parts of the frog which usually wear 
out first, and also making the transverse 
contour conform more closely to that of the 
tread of a tapered wheel. 

G 

Gage (Track Tool).-A device by which the 
gage of a track is established or measured. 

Gage (of Track).-The distance between the 
gage lines, measured at right angles thereto. 
(Standard gage is 4 feet 8-l/2 inches.) 

Gage Line.-A line 5/8 inch below the top of 
the centerline of head of running rail or 
corresponding location of tread portion of 
other track structures along that side which 
is nearer the center of the track. 

Gagging.-The work done on a rail at the 
straightening press with a steel “gag” or tool 
for the purpose of taking out a bend. 

Grade (noun).-The ratio of rise, or fall, of the 
grade line to its length. (NOTE.-The term 
“Grade” is sometimes used to designate the 
finished roadbed, but such use conflicts with 
the meaning of “Grade” asgiven above and it 
should not be so used.) 
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Grade (verb).-To prepare the ground for the 
reception of the ballast and track. 

Grade Line.-The line on the profile 
representing the tops of embankments and 
the bottoms of cuttings ready to receive the 
ballast; and is the intersection of the plane of 
the roadbed with a vertical plane through 
the centerline. 

Gradient.-The rate of inclination of the 
grade line from the horizontal. 

Grooved.-A cross tie which has had machine- 
gouged depressions across its top into which 
ribs on the bottom of a tie plate may fit. 

Grout (noun).-A fluid mixture of cement and 
water or of cement, sand, and water, with or 
without admixture. 

Guard Line.-A line along that side of the 
flangeway which is nearer the center of the 
track and at the same elevation as the gage 
line. 

Guard Check Gage.-The distance between 
guard line and gage line, measured across 
the track at right angles to the gage lines. 

Guard Face Gage.-The distance between 
guard lines, measured across the track at 
right angles to the gage lines. 

Guard Rail.-A rail or other structure laid 
parallel with the running rails of a track to 
prevent wheels from being derailed; or to 
hold wheels in correct alignment to prevent 
their flanges from striking the points of 
turnout or crossing frogs or the points of 
switches. 

A rail or other structure laid parallel with 
the running rails of a track to keep derailed 
wheels adjacent to running rails. 

Frog.-A rail or other device to guide the 
wheel flange so that it is kept clear of the 
point of the frog. 

Switch.-A rail or other track structure laid 
parallel with the running rail ahead of a 
split switch and forming a flangeway with 
the running rail, to hold the wheels of 

rolling stock in correct alignment when 
approaching the switch. 

One-Piece.-A guard rail consisting of a 
single complete unit, either fabricated or 
cast, so designed that no auxiliary parts or 
fastenings other than spikes are required 
for its installation. 

Adjustable Separator.-A metal block of two 
or more parts acting as a filler between the 
running rail and the guard rail and so 
designed as to provide varying widths of 
flangeways. 

Brace.-A metal shape designed to fit the 
contour of the side of the guard rail and 
extend over the tie, with provision for 
fastening thereto, to restrain the moving 
or tilting of the guard rail away from the 
running rail. 

Brace, Adjustable.-A guard rail brace 
which may be adjusted laterally with 
respect to the rail, to vary the distance 
between the guard rail and the running 
rail. 

Clamp.-A device consisting of a yoke and 
fastenings designed to engage the running 
rail and the guard rail and hold them in 
correct relation to each other. 

Guard Timber.-A longitudinal timber 
placed outside of the track rail, to maintain 
the spacing of ties. 

H 

Hammer Blow.-A periodic vertical force 
due to the centrifugal force of the 
unbalanced parts on the revolving drivers of 
a locomotive. 

Harbor Line (Inner and Outer).-(a) The 
lines defining the limits of a port or haven 
with regard to inner or best protected area 
and outer or less protected area. Often 
referred to in port regulations. (b) In certain 
locations of the country inner harbor line is 
synonymous with bulkhead line and outer 
harbor line with pier head line. 
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Hardness.-That physical property which 
enables a material to resist indentation or 
abrasion. 

Hardwood.-One of the group of trees which 
has broad leaves. The term has no reference 
to the hardness of the wood. 

Bled.-An ingot which has fallen over while 
solidifying, or has met with some other 
mishap, allowing the liquid interior to 
escape but leaving the walls intact. It may 
bleed at the top or at the bottom, but 
usually at the top. 

Haul.-The distance grading material is 
moved in the construction of the roadway. 

Heartwood.-Inner core of the tree trunk 
comprising the annual rings containing 
nonliving elements: usually darker in color 
than sapwood. 

Heat or Melt.-The steel resulting from one 
charge of the melting furnace. 

Helper Stringer.-A stringer added to an 
existing panel of stringers. 

Horizontal Split Head.-A horizontal 
progressive defect originating inside of the 
rail head, usually l/2 inch or more below the 
running surface and progressing 
horizontally in all directions, and generally 
accompanied by a flat spot on the running 
surface. The defect appears as a crack 
lengthwise of the rail when it reaches the 
side of the rail head. (See Compound 
Fissures.) 

Hotbed.-A series of skids on which rails are 
placed for cooling after rolling, sawing, and 
cambering. 

Hydraulic Grade Line.-A line joining the 
points to which water flowing through a pipe 
line under pressure will rise at various 
points at atmospheric pressure. 

Butt.-A short ingot, usually the last one 
poured from a heat, for which there is not 
sufficient steel to fill the mold. The lower 
end of an ingot is sometimes called the butt 
of the ingot. 

Hot Top or Sink Head-A type of ingot cast 
in a mold the top of which is extended with 
refractory or nonconducting material 
designed to minimize the piping within 
the ingot proper. 

Ingot Mold.-A cast metal form, either square 
or rectangular in section, and usually 6 feet 
or more in height, into which the molten steel 
is poured or teemed for the purpose of 
solidification. The mold rests on a cast metal 
stool or base, mounted on a buggy, for 
transfer to the stripper and soaking pits. 

Ingot Stool.-The plate or base on which an 
open bottom ingot mold stands. 

Inner Guard Rail.-A longitudinal member, 
usually a metal rail, secured on top of the ties 
inside of the track trail, to guide derailed car 
wheels. 

Insulation.-A device or material that 
prevents the flow of electric current in a 
track circuit from passing from one rail to 
the other or through switches and other 
track structures. 

I 

Imperviousness.-The quality of being 
completely resistant to penetration by water 
or other liquid. 

Intake.-That portion of a pipe or other 
apparatus through which water enters from 
the source of supply, such as the end of an 
intake pipe. A structure built out into a body 
of water for the purpose of providing a place 
from which the water may be pumped 
without interruption. 

Intercepting Ditch.-An open artificial 
waterway for diverting surface water from 

Incline.-An inclined track or tracks and 
their supporting structure leading to the 
adjustable apron or bridge at a transfer slip. 

Ingot.-A special form of casting poured 
direct from the teeming ladle for subsequent 
rolling or forging. 

the natural course of flow. 

‘ID 

Ay . 
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Intermediate Sill.-A horizontal member in 
the plane of the trestle bent forming the cap 
of a lower section and the sill of an upper 
section. 

Intrados.-The inner or concave surface of an 
arch. 

Inventory (noun).-A list in detail of the units 
(land, roadway, and equipment) comprising 
the physical property of a carrier as of the 
date of valuation. 

Inventory (verb).-The act of counting, 
computing, compiling, and recording fixed 
and movable property of a railway. 

J 

Joint, Rail.-A fastening designed to unite the 
abutting ends of contiguous rails. 

Insulated.-A rail joint designed to arrest 
the flow of electric current from rail to rail 
by means of insulation so placed as to 
separate the rail ends and other metal 
parts connecting them. 

Joint Bar.-A steel member, embodying 
beam-strength and stiffness in its structural 
shape and material; commonly used in pairs 
for the purpose of joining rail ends together, 
and holding them accurately, evenly, and 
firmly in position with reference to surface 
and gage-side alignment. 

Joint Gap.-The distance between the ends of 
contiguous rails in track, measured at a 
point 5/8 inch below the top of the rail on the 
outside of the head. 

L 

Ladle Test Ingot.-A small casting made 
when metal is teemed, to be used for 
chemical test purposes. 

Lap.-A surface defect on metal appearing as 
a seam caused from folding over hot metal, 
fins, or sharp corners and then rolling or 
forging, but not welding them to the surface. 

Lead.-The distance between the actual point 
of the switch and the half-inch point of the 
frog. (See Plans Basic Nos. 910 and 920 in the 
Portfolio of Trackwork Plans.) 

Actual.-The length between the actual 
point of the switch and the half-inch point 
of the frog measured on the line of the 
parent track. 

&med.-The distance between the actual 
point of the switch and the half-inch point 
of the frog, measured on the outside gage 
line of the turnout. 

Theoretical.-The distance from the 
theoretical point of a uniform turnout 
curve to the theoretical point of the frog, 
measured on the line of the parent track. 

Lead Curve.-The curve in a turnout 
interposed between the switch and the frog. 

Level.-The condition of the track in which the 
elevation of the two rails transversely is the 
same. 

Line.-The condition of the track in regard to 
uniformity in direction over short distances 
on tangents, or uniformity in variation in 
direction over short distances on curves. 

Lining Track.-Shifting the track laterally to 
conform to the established alignment. 

Location.-The established position of the 
centerline and grade line of a railroad 
preparatory to its construction. 

Longitudinal Strut of Girt.-A stiffening 
member running horizontally, or nearly so, 
from bent to bent. 

Longitudinal X Brace.-A member 
extending diagonally from bent to bent in a 
vertical or battered plane. 

M 

Main Line.-The principal lme or lines of a 
railway. 

Main Track.-A track extending through 
yards and between stations, upon which 
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trains are operated by time table or train 
order, or both, or the use of which is governed 
by block signals. 

Mate.-A track structure having a fixed or 
immovable point and used on the opposite 
side of the track from a tongue switch, as its 
companion piece. (A mate is termed 
“outside” or “inside” depending upon 
whether it is placed on the outside or inside of 
the curve, the “inside mate” being 
comparatively little used.) 

Mattress.-A strong mat consisting of various 
materials, bound or woven together, used for 
the protection of the surface of the eroding 
banks or bottom of an alluvial river. 

Ball&.-Stone riprap placed on any wood 
mattress to sink it and make it conform to 
the riverbed. 

Brush and Wire Envelop.-Brush laid in two 
layers between woven wire netting which 
is tied together with wires. Bottom of 
netting envelop parallel to bank, top 
normal to bank. Bottom brush layer 
normal to bank, top parallel. 

Milling Rail.-The cutting of the ends of rails 
with a milling hob to eliminate roughness 
and inaccuracies of sawing. 

Modulus of Elasticity.-The ratio, within the 
elastic limit of a material, of unit stress to 
corresponding unit stram or deformation. 

Mud-Sill or Sub-Sill.-A timber bedded in the 
ground to support a framed bent. 

N 

Normalizing.-Heating iron-base alloys to 
approximately 100” F above the critical 
tempe-ature range followed by cooling to 
below that range in still air at ordinary 
temperature. 

Nosing.-A transverse, horizontal motion of a 
locomotive which exerts a lateral force on the 
supporting structure. 

0 

Open-Hearth Furnace.-A rectangular 
furnace built of brick, lined with acid or 
basic materials and having a hearth on 
which metal is generally openly exposed to 
the action of burning gases. 

Open-Hearth Process.-The conversion of 
solid pig iron with the addition of iron or 
steel scrap to steel through exposure to 
burning gases in a reverberatory furnace. In 
the refining of the molten metal, the carbon 
is generally reduced considerably below the 
percentage ultimately required and the 
metal is thereafter recarburized. Usually 
additions of manganese and silicon are also 
made. 

Ordinary Break (Square or Angular 
Break).-Any partial or complete fracture 
in which there is no sign of a fissure, and in 
which none of the other defects or damage is 
visible. 

Out of Face (Referring to Track Work).- 
Work that proceeds completely and 
continuously over a given piece of track as 
distinguished from work at disconnected 
points only. 

P 

Pass.-The passage of any piece of metal 
through the rolls of a rolling mill as an ingot 
through the blooming rolls; or the openings 
in the various rolls or roll trains, which give 
the hot metal the desired shape. 

Percolation.-The act of water descending 
through the earth from the ground surface. 

Permanent Set.-The strain or deformation 
remaining in a body after being stressed 
beyond the elastic limit. 

Pig Iron.-The product, either cast or in a 
molten state, resulting from heating iron 
ore, limestone, and coke together in a blast 
furnace, after removal of the molten 
impurities as slag. 

c-10 



TM 5-627/MO-103/AFM 91-33 

Pig iron contains a high percentage of 
carbon ranging from 3.0 to 4.0 percent. 

Pile.-A member usually driven or jettied into 
the ground and deriving its support from the 
underlying strata, and by the friction of the 
ground on its surface. 

The usual functions of a pile are: (a) To 
carry a superimposed load; (b) To compact 
the surroundingground; (c) To form a wall to 
exclude water and soft material, or to resist 
the lateral pressure of adjacent ground. 

Bearing.-One used to carry a superimposed 
load. 

Butt of Pile.-The larger end of a pile. 

Foot of Pile.-The lower end of a pile. 

Head of Pile.-The upper end of a pile. 

Tip of Pile.-The smaller end of a pile. 

Pile Cap, Hood of Bonnet.-A block used to 
protect the head of a pile and to hold it in the 
leads during driving. 

Pile Driver.-A machine for driving piles. 

Pile Hammer.-A weight used to drive piles. 
It may be designated as a steam hammer, 
diesel hammer, or drop hammer, depending 
on the source of energy. 

Pile Trestle.-A structure in which the 
upright members of supports are piles. 

Piles, Anchor.-Piles driven on the land side 
of a bulkhead or pier to which the bulkhead 
or pier is anchored or tied by rods, cables, 
chains, or other devices. 

Piped Rail.-One with a vertical split, usually 
in the web, due to failure of the sides of the 
shrinkage cavity in the ingot to unite in 
rolling. 

Piping.-The formation of a cavity in the 
upper interior of an ingot, caused by 
shrinkage of the liquid metal when 
solidifying. 

Pitting.--Localized corrosion. 

Platform-Trucking.-A platform on which 
freight, baggage, mail, and express are 
handled to and from cars. 

High.-A platform at or near car floor 
elevation. 

Low.-A platform at or near top of rail 
elevation. 

Plug, Tie.-Rectangular sections of wood, 
shaped somewhat like spikes, for driving 
into holes from which spikes have been 
withdrawn. 

Post.-One of the vertical or battered 
members of the bent of a framed trestle. 

Profile.-A line representing the ground 
surface or an established grade line, or both, 
in relation to the horizontal. 

R 

Rail Saw.-A power machine, provided with a 
saw of either tooth or friction type, used to 
cut steel rails. 

Rail Section-The shape of the end of a rail 
cut at right angles to its length. The rail mills 
identify the different shapes and types of 
rails by code numbers, as for example 131-28 
for the 131 RE rail section. 

Rail (Track).-A rolled steel shape, 
commonly a T-section, designed to be laid 
end to end in two parallel lines on crossties or 
other suitable supports to form a track for 
railway rolling stock. 

Girder.--See Plans Basic Nos. 1002 and 1003 
in the Portfolio of Trackwork Plans. 

Tee.-See Plan Basic No. 1001 in the 
Portfolio of Trackwork Plans. Heavy Rails 
as used in the Portfolio: those sections 
weighing over 110 pounds per yard. 
Medium Weight Rails as used in the 
Portfolio: those sections weighing 80 to 110 
pounds per yard., incl. 

Railway Track Scale.-A scale especially 
designed for weighing railway equipment. 

Retarder, Car.-A braking device, usually 
power operated, built into a railway track to 
reduce the speed of cars by means of 
brakeshoes which, when set in position, press 
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against the sides of the lower portions of the 
wheels. 

Retarder, Inert.-A braking device, without 
external power, built into a railway track to 
reduce the speed of cars by means of 
brakeshoes against the sides of the lower 
portions of the wheels and sometimes 
provided with means for opening it to nullify 
its braking effect,. 

Right-of-Way.-Lands or rights used or held 
for railroad operation. 

Roadbed Shoulder.-That portion of the 
subgrade lying between the ballast covered 
portion and the ditch in cuts and the top of 
slope on embankments. 

Roadway Sign.-Any marker displayed on or 
near the right-of-way for instruction or 
information of employees or others. 

Running Rail.-The rail or surface on which 
the tread of the wheel bears. 

Runoff.-The term applied to that part of the 
precipitation which is carried off from the 
land upon which it falls. 

S 

Sash Brace.-A horizontal member secured 
to the posts or piles of a bent. 

Scoremark.-An incision in a longitudinal 
surface of a hewed tie resulting from a stroke 
of the axe used in its manufacture. 

Segregation-Positive.-The concentration of 
the carbon and impurities during 
solidification in the part of an ingot or other 
casting which solidifies last. 

Negative.-The condition existing where any 
part of an ingot or casting has less than the 
average amount of carbon and impurities. 

Self-Guarded Frog (Flange Frog).-A frog 
provided with guides or flanges, above its 
running surface, which contact the tread 
rims of wheels for the purpose of safely 
guiding their flanges past the point of the 
frog. 

Settlement (noun).-The term settlement as 
applied to grading material is the reduction 
in elevation of an embankment caused by 
shrinkage or subsidence. 

Shatter Cracks.-Minute cracks in the 
interior of rail heads, seldom closer than l/2 
inch from the surface, and visible only after 
deep etching or at high magnification. They 
may extend in any direction. They are 
caused by rapid (air) cooling, and may be 
prevented from forming by control cooling 
the rail. Shatter cracks also occur in other 
steel products. 

Sheet Piles.-Piles driven in close contact in 
order to provide a tight wall, to prevent 
leakage of water and soft materials, or 
driven to resist the lateral pressure of 
adjacent ground. 

Shim.-A small piece of wood or metal placed 
between two members of a structure to bring 
them to a desired relative elevation. 

Shoe.-A metal protection for the point or foot 
of a pile. 

Shoulder.-That portion of the ballast 
between the end of the tie and the toe of the 
ballast slope. 

Shrinkage (noun).-The term shrinkage as 
applied to grading material is the difference 
in volume between the material excavated 
and the ultimate volume of the same 
material in the embankment after it has 
reached a state of equilibrium, when the 
latter is the smaller. 

Skrinkage Allowance.-The excess length to 
which a hot rail is cut when leaving the rolls 
to allow for shrinkage to required length 
when cold. 

Siding.-A track auxiliary to the main track 
for meeting or passing trains. 

Sill.-The lowest horizontal member of a 
framed bent. 

Skew.-Having an axis at any other angle 
than right. 
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Angle of.-The angular deviation of one of 
two intersecting lines from a right angle to 
the other. 

Slide.-A superficial, gravitational earth 
movement. 

Slip Switch-Double.-A combination of a 
crossing with two right-hand and two left- 
hand switches and curves between them 
within the limits of the crossing and 
connecting the two intersecting tracks on 
both sides of the crossing and without the use 
of separate turnout frogs. 

Single.-A combination of a crossing with 
one right-hand and one left-hand switch 
and curve between them within the limits 
of the crossing and connecting the two 
intersecting tracks without the use of 
separate turnout frogs. 

Slope.-The inclined face of a cutting or 
embankment. 

Slope Stakes.-Stakes set to indicate the top or 
bottom of a slope. 

Snow Sweeper.-A car equipped with 
brushes, near the rails, and the necessary 
machinery to revolve them: used for 
sweeping snow from the rails. 

Soaking Pit.-A vertical reheating furnace in 
which the ingots, after being stripped, are 
placed in an upright position for the purpose 
of uniformly reheating them to the 
temperature required for rolling. 

Special Trackwork.-All rails, track 
structures, and fittings, other than plain 
unguarded track that is neither curved nor 
fabricated before laying. 

Specification.-That part of the contract 
describing the materials for or the details of 
construction. 

Spiral (When used with respect to track).- 
A form of easement curve in which the 
change of degree is uniform throughout its 
length. 

Ten Chord.-An approximate spiral 
measured in 10 equal chords and whose 

change of degree of curve is directly 
proportional to the length measured along 
the spiral by such chords. 

Splice Drilling.-The spacing of holes in the 
ends of rails or other track structures to 
receive the bolts for the fastening of joint 
bars. 

Split Web.-A longitudinal or diagonal 
transverse crack in the web of a rail. 

Spot Board.-A sighting board placed above 
and across the track at the proposed height to 
indicate the new surface and insure its 
uniformity. 

Spring Washer.-A member designed to 
prevent backward movement of the nut and 
looseness in the bolted membersof arail joint 
due to wear, stretch, rust, or other 
deterioration. 

Stamping.-The figures and letters indented 
after hot sawing in the center of the rail web, 
parallel with the direction of rolling, 
indicating the serial heat number, the ingot 
number as cast or rolled, and one letter 
designating the position of each rail with 
reference to the top of the ingot. 

Steel.-A ferrous material produced in a fluid 
condition, usually by the bessemer, open- 
hearth, electric furnace, or basic-oxygen 
process. It is practically free from slag, 
distinguishing it from wrought iron, and in 
general contains less than 1.70 percent of 
carbon, distinguishing it from cast iron. 

Stock-Guard.-A barrier of wood, metal, or 
other material placed between and alongside 
of track rails to prevent the passage of 
livestock on or along the railroad track or 
tracks. 

Stock Rail.-A running rail against which the 
switch rail operates. 

Stock Rail Bend.-The bend or set which 
must be given the stock rail at the vertex of a 
switch to allow it to follow the gage line of the 
turnout. 
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Stress.-The sum of the forces acting in the 
interior of a body which resist external 
forces tending to change its form or shape. 
Stress is measured in force per unit area 
(pounds per square inch, kilograms per 
square millimetre, etc.). 

Stringer.-A longitudinal member extending 
from bent to bent and supporting the track. 

Subballast.-Any material of a superior 
character, which is spread on the finished 
subgrade of the roadbed and below the top 
ballast, to provide better drainage, prevent 
upheaval by frost, and better distribute the 
load over the roadbed. 

Subdrain.-A covered drain, below the 
roadbed or ground surface, receiving water 
along its length through perforations or 
joints. 

Subgrade (noun).-The finished surface of 
the roadbed below the ballast and track. 

Subsidence (noun).-That portion of an 
embankment which has settled below the 
original surface of the ground. 

Subsurface Drainage.-The control and 
removal of excess moisture contained in the 
soil. 

Surface (Track).-The condition of the track 
as to vertical evenness or smoothness. 

Running (Tread).-The top part of track 
structures on which the treads of the 
wheels bear. 

Sway Brace.-A member bolted or spiked to a 
bent and extending diagonally across its 
face. 

Sweep, Rail.-Two flexible parts attached to 
the front of a track car in such a location as to 
brush from the rail, as the car moves 
forward, any easily removable obstruction 
on the top of the rail. 

Swell.-The term swell as applied to grading 
material is the difference in volume of the 
same material in the embankment after it 
has reached a state of equilibrium, when the 
latter is the greater. 

Switch.-A track structure used to divert 
rolling stock from one track to another. 

Split.-A switch consisting essentially of two 
movable point rails with the necessary 
fixtures. 

Split, with Uniform Risers.-A split switch 
in which the switch rails have a uniform 
elevation on riser plates for the entire 
length of the switch, and therefore not 
having a heel slope, the point rail rise 
being run off back of the switch in the 
closure rails. 

Split, wzth Graduated Risers.-A split 
switch in which the switch rails are 
gradually elevated by means of graduated 
riser plates until they reach the required 
height above the stock rail, and therefore 
having a heel slope. 

Split, Manganese Tipped.-A split switch in 
which the head of one or both of the switch 
rails is cut away in the point portion and 
manganese steel pieces fastened to the rail 
to form the point. 

Split, Insulated.-A switch in which the 
fixtures, principally the gage plates and 
the switch rods, connecting or reaching 
from one rail to the opposite rail are 
provided with insulation so that the 
electric track circuit will not be shunted. 

Spring.-A switch in the operating 
mechanism of which is incorporated a 
spring device so arranged as to 
automatically return the points to their 
original or normal position after they have 
been thrown over by the flangesof trailing 
wheels passing along the other track from 
that for which the points are set for facing 
movements. 

Tongue.-A switch piece consisting 
essentially of a movable tongue with a 
suitable enclosing and supporting body 
structure, designed for use on one side of 
the track while on the other side there is 
used either a mate or another tongue 
switch. (A tongue switch is termed 
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“inside” or “outside” depending upon 
whether it is placed on the inside or on the 
outside of the curve, the “outside tongue 
switch” being comparatively little used.) 

Angle.-The angle included between the 
gage lines of the switch rail at its point and 
the stock rail. 

Detector @W.-A strip of metal mounted 
alongside the track rail and connected 
with the throwing mechanism of the 
switch to prevent the moving of the switch 
under trains. 

Head Separation .-The point on a switch 
rail where the head of the rail attains its 
full width. 

Heel of.-That end of a switch rail which is 
the farther from its point, and nearer the 
frog. 

Heel Spread.-The distance, at the heel, 
between the gage line of a switch rail and 
the gage line of its stuck rail. (This has 
been standardized at 6-l/4 inches for 
straight switches.) 

Heel Slope.-The inclination produced by 
graduated risers in that part of the switch 
which reduced the elevation (as the height 
of the risers decreases) toward the heel of 
the switch. 

Point of, Actual.-That end of the switch rail 
which is the farther from the frog: the 
point where the spread between the gage 
lines of the stock rail and the switch rail is 
sufficient for a practicable switch point. 

Point of, Theoretical or V&z-The point 
where the gage line of the switch rail, if 
produced, would intersect the gage line of 
the stock rail. 

Point Rail, Switch Rail, or Switch Point.- 
The tapered rail of a split switch. 

Point Rail Rise.-The elevation of a switch 
rail to allow the overhanging part of 
hollowed-out treads of worn wheels to pass 
over the stuck rail. 

Planing, Bottom.-The cut planed at an 
angle on the bottom of the base of the 
switch rail from the point and toward the 
heel to allow the switch rail to rest on the 
top of the base of the stock rail when the 
switch rail is closed. 

Planing, Side.-The cuts made on the sides 
of the head of the switch rail to form the 
taper. 

Planing, Top.-The cut made on the top of 
the head of the switch rail from the point 
and to approximately the head separation. 

Planing, Chamfer CU.-The vertical 
beveling of the gage side of the switch 
point to produce a sharp edge, so as to 
prevent wheel flanges from striking the 
point. 

Rail Brace.-A metal shape designed to fit 
the contour of the side of the stock rail and 
extend over the switch plate, with 
provision for fastening through the plate 
to the tie, to restrain the movement of the 
stock rail. 

Rail Brace, Adjustable.-A rail brace which 
may be adjusted laterally with respect to 
the stock rail, to compensate for variations 
in the dimensions of the rail and to permit 
of adjusting for wear. 

Throw of.-The distance through which the 
points of switch rails are moved sidewise, 
measured along the centerline of the No. 1 
switch rod or head rod. (This distance is 
standardized at 4-314 inches.) 

Switch Point Derail.-A derail consisting 
essentially of a split switch point with the 
necessary fixtures. 

Switch Stand.-A device for the manual 
operation of switches, or of movable center 
points. 

T 

Tangent.-Any straight portion of a railway 
alignment. 
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Tapping.-The removal of the molten steel 
from the open-hearth furnace by opening the 
tap hole and allowing the metal to run into 
the ladle. 

Teeming.-The pouring of molten steel from 
the ladle into ingot molds. 

Templet.-Usually a piece of thin metal of the 
exact size and shape of the rail section when 
hot, or the reverse of the shape to be fitted 
over a hot or cold rail to check its shape. 

Fishing.-A templet shaped to fit between 
the head and base of the rail and used to 
determine whether the rail section is 
accurately formed in the fishing spaces to 
receive the Joint bars. 

Tensile Strength.-The maximum tensile 
stress which a material is capable of 
sustaining. 

Tie, Adzed.-A tie which has had the plate- 
bearing areas of its top made plane and 
smooth by passage through a machine 
designed for the purpose. 

Bored.-A tie which has had holes for spikes 
provided by passage through a machine 
designed for the purpose. 

Cross.-The transverse member of the track 
structure to which the rails are spiked or 
otherwise fastened to provide proper gage 
and to cushion, distribute, and transmit 
the stressesof traffic through the ballast to 
the roadbed. 

Grooved.-A crosstie which has had 
machine-gouged depressions across its top 
into which ribs on the bottom of a tie plate 
may fit. 

Heart.-A tie with sapwood no wider than 
one-fourth the width of the top of the tie 
between 20 and 40 inches from the middle 
of the tie. 

Sap.-A tie with sapwood wider than one- 
fourth the width of the top of the tie 
between 20 and 40 inches from the middle 
of the tie. 

Slabbed.-A tie sawed on top and bottom 
only. (Known also as “pole” tie and “round” 
tie.) 

Subs&z&-A tie of any material other than 
wood or of wood in combination with any 
other material. 

Stitch.-The transverse member of the 
track structure which is longer than but 
functions as does the crosstie and in 
addition supports a crossover or turnout. 

Tie Plate.-A plate interposed between a rail 
or other track structure and a tie. 

Toe of Slope.-The intersection of a slope with 
the ground surface in embankments, and the 
plane of roadbed in cuts. 

Tolerance.-An allowable variation from 
dimensions or requirements specified. 

Topballast.-Any material of a superior 
character spread over a subballast to 
support the track structure, distribute the 
load to the subballast, and provide a good 
initial drainage. 

Top of Slope.-The intersection of a slope with 
the ground surface in cuts, and the plane of 
roadbed on embankment. 

Track.-An assembly of rails, ties, and 
fastenings over which cars, locomotives, and 
trains are moved. 

Body.-Each of the parallel tracks of a yard 
upon which cars are placed or stored. 

Classification.-One of the body tracks in a 
classification yard, or a track used for 
classification purposes. 

Connecting.-Two turnouts with the track 
between the frogs arranged to form a 
continuous passage between one track and 
another intersecting or oblique track or 
another remote parallel track. 

Crossover.-Two turnouts with track 
between, connecting two nearby and 
usually parallel tracks. 

Departure.-One of the tracks in a departure 
yard on which outgoing cars are placed. 
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LIrill.-A track connecting with the ladder 
track, over which locomotives and cars 
move back and forth in switching. 

Hold.-One of the body tracks in a hold yard 
or a track used for hold purposes. 

House.-A track alongside of, or entering a 
freight house, and used for cars receiving 
or delivering freight at the house. 

Interchange.-A track on which cars are 
delivered or received, as between 
railways. 

Ladder.-A track connecting successively 
the body tracks of a yard. 

Lead-An extended track connecting either 
end of a yard with the main track. 

Passing.-A track auxiliary to the main 
track for meeting or passing trains. Same 
as a Siding. 

Repair.-A track on which cars are placed 
for repairs. 

Running.-A track reserved for movement 
through a yard. 

Scale.-A track leading to and from and 
passing over a track scale. 

Side.-A track auxiliary to the main track 
for purposes other than for meeting and 
passing trains. 

Sorting.-One of the body tracks in a sorting 
yard or a track used for sorting purposes. 

Spur.-A stub track diverging from a main 
or other track. 

Storage.-One of the body tracks in storage 
yards or one of the tracks used for storing 
equipment. 

Stub.-A track connected with another one 
at one end only. 

Team.-A track on which cars are placed for 
transfer of freight between cars and 
highway vehicles. 

Wye.-A triangular arrangement of tracks 

on which locomotives, cars, and trains may 
be turned. 

Track Bolt.-A bolt with a button head and 
oval, or elliptical, neck and a threaded nut 
designed to fasten together rails and joint 
bars. 

Track Capacity.-The number of cars that 
can stand in the clear on that track. 

Transverse Defect.-For defects found by 
detector cars, a tentative group 
classification, applied prior to the breaking 
of the rails, of all types of rail defects which 
have transverse components, such as 
transverse fissures (TF), compound fissures 
(CF), and detail fractures (DF). 

Transverse Fissure.-A progressive 
crosswise fracture starting from a 
crystalline center or nucleus inside the head 
from which it spreads outward as a smooth, 
bright or dark, round or oval surface 
substantially at a right angle to the length of 
the rail. The distinguishing features of a 
transverse fissure from other types of 
fractures or defects are the crystalline 
center or nucleus and the nearly smooth 
surface of the development which surrounds 
it. 

Tread,-The top surface of the head of a rail 
which contacts wheels. 

Turnout.-An arrangement of a switch and a 
frog with closure rails, by means of which 
rolling stock may be diverted from one track 
to another. 

Equilateral.-A turnout in which the 
diversion due to the angle of the turnout is 
divided equally between the two tracks. 

Lateral.-A turnout in which the diversion 
due to the angle of the turnout is entirely 
on one side of the track from which the 
turnout is made. 

Turnout Number.-The number 
corresponding to the frog number of the frog 
used in the turnout. 

c-17 



TM 5427/M0-1 OS/AFM 91-33 

V 

Vertical Split Head.-A split along or near 
middle of the head of a rail and extending 
into or through it. A crack or rust streak may 
show under the head close to the web, or 
pieces may be split off the side of the head. 

W 

Waste of Spoil Banks.-Banks outside the 
roadway formed by waste. 

Welded Rail.-Two or more rails welded 
together to form a length less than 400 feet 
(CWR). (See also Continuous Welded Rail.) 

Wing Fence.-A fence connecting the apron 
of the stockguard with the right-of-way or 
line fence. 

Wingwall.-An extension of an abutment wall 
to retain the adjacent earth. 

Wood Trestle.-A wood structure composed 
of bents supporting stringers, the whole 
forming a support for loads applied to the 
stringers through the deck. 

Wrought Iron.-A ferrous material, 
aggregated from a solidifying mass of pasty 
particles of highly refined metallic iron, 
with which, without subsequent fusion, is 
incorporated a minutely and uniformly 
distributed quantity of slag. 

Wye.-A triangular arrangement of tracks on 
which locomotives, cars, and trains may be 
turned. 

Y 

Yard.-A system of tracks within defined 
limits provided for making up trains, storing 
cars, and other purposes, over which 
movements not authorized by time table or 
by train-order may be made, subject to 
prescribed signals and rules, or special 
instructions. 

Capacity-Standing--The sum of the 
capacities of all the tracks in that yard on 
which cars may be permitted to stand. 

Clo&ftiation.-A yard in which cars are 
classified or grouped in accordance with 
requirements. 

Departure.-A yard in which cars are 
assembled in trains for forwarding. 

Hold.-A yard for the temporary holding of 
cars. 

Receiting.-A yard for receiving cars. 

Storage.-A yard in which idle equipment is 
held awaiting disposition. 
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APPENDIX D. ENGINEERING DATA 

D-1. Alignment. 
Normally, curvature of track should be limited to a 
minimum radius of approximately 300 feet or to the 
minimum recommended by the serving railroad. The 
following rules for alignment should be followed: 

D-1.1. Running tracks and body tracks are 15 feet 
center to center from parallel tracks. For siding 
tracks, allow 13 feet between parallel tracks. For 
siding and main line tracks, allow 15 feet between 
parallel tracks. Figures D-l through D-4 and Tables 
D-l through I)-4 are engineering drawings and 
information concerning turnouts and track layouts. 
Figures D-5 and D-6 show names of parts for bolted 
frogs and split switches, respectively. 

D-1.2. Beginning with a N-degree curve, track 
centers are widened 1 inch for each degree of 
curvature, to allow for overhanging and tilting of 
cars. A special engineering analysis should be made 
when longer than standard (60 feet) cars are moved. 
(Middle ordinates for curved rails for various lengths 
of rail and degrees of curves are shown in Table D-5.) 
O-2. Super-elevation. 
Superelevation is, in general, based on the degree of 
curvature and the train speed. Usually, an elevation 
of 6 inches is not exceeded for tracks carrying both 
fast and slow traffic. Speed of trains is reduced if 
necessary. See Table D-6 for the maximum allowable 
operating speeds for curved track. NOTE: 
Curves in industrial or heavily congested areas may 
be installed level without superelevation. 

D-2.1. Simple Curves. Full elevation will be car- 
ried uniformly throughout the length of simple 
curves. 

D-2.2. Compound Curves. Each section of a com- 
pound curve will be given its correct elevation, but 
the change from one elevation to another will be 
uniformly distributed. 

D-2.3. Reverse Curves. The elevation from one rail 
to the other will be changed so that rails are level at 
the point of reversal. 

D-2.4. Transition Approach. Superelevation of a 
spiral easement or tangent transition approach to a 
simple curve will be made in successive stages at a 
rate of 114 to l/2 inch in 30 feet for a maximum length 
of 360 feet. Changes from zero to full elevation at the 
start of a simple unspiraled curve will be made within 
the transition approach so that full elevation is 
attained at the start of the curve. Spiral easements 
will be given to all curves where layout conditions 
permit. Table D-7 gives spiral lengths for various 
elevations and train speeds. 

D-3. Vertical Curves. 
Vertical curves are used for all changes in gradient. 
The maximum allowable rate of change is 0.10 foot 
per 100 feet in sags and 0.20 foot per 100 feet in 
summits. For tracks of lesser importance, the rate of 
change may be larger but shall be not greater than 
practicable considerations will permit. One such form 
of vertical curve is developed as follows: 

B 

L = Length of vertical curve in MO-foot stations 
M = Correction in elevation at B 
R = Rate of change per station 
D = Algebraic difference of rates at grade 
L = D/R 

When vertical curve is concave downwards: 

M = tel. B x 2) - (el. A + el. C) 
4 
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When vertical curve is concave upwards: 

M = (el. A + el. C) - (el. B x 2) 
4 

The correction for any other point on a vertical curve 
is proportional to the square of the distance from A or 
C to B. Corrections are minus ( - ) when the vertical 
curve is concave downwards and plus (+ ) when the 
vertical curve is concave upwards. 

D-4. Grades. 
Maximum grades of 0.5 percent (6 inches in 100 feet) 
are recommended for house and storage tracks; 

grades will not exceed 0.8 percent (9-l/2 inches in 100 
feet). Grades on access or running tracks are limited 
to those recommended by the serving railroad. All 
changes in gradient are made through vertical curves 
(pal-a D-9. 

D-5. Space Allowance for Rail Expansion. 

To insure proper space allowance for expansion when 
laying or replacing rail, the openings between the 
ends of rail listed in Table D-8 shall be developed 
through the use of standard metal, fiber, or wood 
shims placed between the ends of adjacent rails. 
When shims are used they shall be removed to within 
12 rails of the laying. 



Figure D-2. Curve details for standard No. 8 
(see Table D-2 for dimensions). 

crossover 

Table D-2. Dkan~lons of Standard 
lb. 8 Cmsmver 

Dinensims arc between &mmllel Then P = RR - 573.69 versinc 7009' 
tracks. at P dfrtancc qut, = 1.48'. O'G=2R-p+2F 
usimlO-deurea curves and = 1.150.34 - P 
25-&ot tan&t betveen irog*. 

R = 573.69; ?mg m&e = 7'09'; 
- 1015' 

CC' (tqentt - 25.00; 

OD - O'D =w= 573.83 
I = A - TOOg',T = Rtrn 112 I 
X - Diatturcc between actual 

continue c&e I to tangent points of frwa - (2T l 25) CDS A 
Dutie1to maill track. + 2T cos 7009 + 18.75. 
P X I I P X I 
30 124.75 y& I :: 205.35 8O17' 
31 129.21 ' 208.67 Bon' 
32 139.60 
z 142.12 137.90 

35 146.28 
36 150.37 
37 154.40 
38 158.37 
E 166.13 162.28 

41 169.93 
42 173.68 
43 177.37 
44 181.03 
45 184.62 
46 lea.18 

b"35' 
boba' 
5001' 
5'1b' 
5'26' 
5'39' 
5951' 
6O03' 
6O15' 

;:",, 

6O50' 
7001' 
7'12' 
7'23' 

211.95 
215.20 
218.12 
221.60 
224.74 
227.87 
230.96 
234.01 

Z:Z 
2k3.02 
245.97 
2b8.89 

m& 
9018' 
go28 
9037' 
g"b7' 
g"56' 

lOv6 
10015' 
10°25' 
low 
lo"b3' 
10'52' 

::, 191.70 

49 :;= 
50 201.99 

7031' 
i-45 ’ 
7'56' 
aw 
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Figure D-3. Diagram of lead and 
coordinates of crossovers (see 

Table D-4 for dimensions). 

Table D-3. Lead and Coordinate Distances by Frog Number 
and Distance Between Tracks 

fiw 
No. 

5 

6 

7 

0 

9 

10 

12 

14 

15 

16 

18 

20 

Distance Between Track Centers(C) 
frog 12 Feet 13 Feet 14 Feet 

Leads Angles A B A B A 
f% in. r& ft ft in. ft in. ft in. -- ft in. ftt 

42 6 11 25 11 lo-3/4 13 l-1/4 16 lo-1/4 18 l-314 21 9-314 23 2-l/2 

4-l 6 9 32 14 6 15 6 20 5-l/2 21 6-L/2 26 5 27 7 

62 1 8 10 17 1 17 11 24 o-1/2 24 U-314 31 0 32 0 

60 o 7 09 19 7-l/2 20 4-l/2 27 7 28 5 35 6-314 36 5-l/4 

72 3 6 22 22 2 22 10 31 l-3/4 31 10-l/2 40 l-1/2 40 lo-3/4 

78 9 5 43 24 6-l/4 25 3-314 34 8 35 4 44 8 45 4-l/4 

96 0 4 46 29 9 30 3 41 8-3/4 42 3-l/4 53 8-l/2 54 3-l/2 

107 1 4 05 34 9-m 35 2-l/2 48 9-l/4 49 2-3/4 62 9 63 3 

126 4 3 49 37 3-l/4 37 a-1/2 52 3-l/2 52 8-112 67 3-l/4 67 8-S 
131 4 3 35 39 9-l/2 40 2-l/4 55 9-314 56 2-l/2 71 9-112 72 2-3/4 

140 11 3 11 44 10 45 2 62 10 63 2-114 80 g-314 81 2-l/2 

151 11 2 52 49 10 50 l-314 69 10 70 2 09 10 9o 2 

5 42 6 11 25 
6 47 6 9 32 

7 62 1 a 10 
0 68 0 7 09 

9 72 3 6 22 

10 78 9 5 43 

12 96 a 4 46 

14 107 1 4 05 

15 126 4 3 49 

16 131 4 3 35 

18 140 11 3 11 

20 151 ll 2 52 

B 
f% In. 

Distance Between Track Centers(C) 
15 Feet 1.8 Feet 20 Feet 

A B A B A B 
in. ft in. ft in. k in. ft in. ft f% in. 

26 9 28 3 41 7-l/4 43 5 51 6 53 6 

32 4-l/2 33 7-l/2 '50 3 51 9 62 2 63 10 

37 u-314 39 o-1/2 58 m-1/4 60 2 72 9-l/2 74 2-3/4 

43 6-l/2 44 5-314 67 5-114 68 6-3/4 83 4-l/2 84 7-l/2 

49 1 49 ll 76 o 77 0 93 1142 95 o-112 

54 7-l/2 55 h-1/2 84 6-l/2 85 5-l/2 104 6-l/4 105 6 

65 8-l/4 66 3-3/4 101 7-l/2 102 4-l/2 125 4-l/2 126 5 

76 9 77 3-1/4 118 8-l/4 119 4 146 8 147 4-l/2 

82 3 82 9 127 2-l/2 127 9-W 157 2 157 10 
87 9-l/4 80 3 135 8-3/4 136 3-112 167 8-l/4 168 3-3/4 

98 9-m 99 2-l/2 152 9 153 3 188 8-l/2 189 3-l/2 

109 g-3/4 110 2-114 169 9-l/2 170 2-3/4 209 9 210 3 

i 
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Figure D-4. Diagram for laying temporary 
tracks around obstructions. 

Table D-4. Dimensions for Laying Temporary 
Tracks Around Obstructions 

R F L lJ - - 

lo-Degree Curves 

53.6 
84.0 

107.3 
127.3 
144.8 
160.3 
174.5 
187.8 
200.2 
211.9 

103.3 156.9 
133.5 217.5 
156.5 263.8 
176.0 303.3 
193.1 337.9 
208.3 368.6 
222.1 396.6 
235.0 422.8 
247.0 447.2 
258.3 470.2 

15-Degree Curves 

2.5 
6.3 

10.3 
14.4 
18.7 
23.0 
27.4 
31.8 
36.2 
40.7 

7.5 
13.7 
19.7 
25.6 
31.3 

2-: 
48:2 
53.8 
59.3 

42.2 92.0 134.2 2.3 7.7 
66.2 115.4 181.6 5.7 14.3 
85.0 133.7 218.7 9.5 20.5 

100.8 149.2 250.0 13.5 26.5 
114.7 162.6 277.3 17.5 32.5 
127.2 174.4 301.6 21.5 38.3 
138.7 185.6 324.3 26.0 44.0 
149.4 195.6 345.0 30.3 49.7 
159.2 204.8 364.0 34.6 55.4 
168.5 213.5 382.0 39.0 61.0 

Note: All dimensions in feet. 
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Degree of Elevation of Outer Rail (in.) 
Curvature OJL 1 L322LLzk-!L!!kL2L - - 6 

Maximum Allowable Operating Speed (mph) 

003dl 
0°40' 
OO50' 
1000' 
1015' 
1°30' 
1045' 
2OOO' 
2'15' 
2'30' 
2"45' 
3%0 
3015' 
3O30' 
3045' 
4000' 
4O30' 
5000' 
5030' 
6Ooo' 
6'30' 
7000' 
8'%0' 
9000' 

lO%O 
11~00' 
IPOO 

ii 
6’: 
:z 
2 
44 
41 
40 

2 

;z 
33 

ii 
27 
26 
25 
23 
22 
21 
20 
19 

100 
87 
78 

:: 

:: 

I," 

:: 
41 

:i 

;: 
33 
32 
30 
29 
28 
27 
25 
24 
22 
21 
20 

76 80 85 
68 72 76 

48 51 54 
46 48 51 
44 46 49 
42 45 47 
40 43 45 
39 41 44 

34 36 38 
32 34 36 
31 33 35 
30 31 33 

: :8" 32 30 
25 27 28 
24 25 27 
23 24 26 
22 23 24 

-- 
log 

i; 
79 

'6; 
63 
59 

$ 

:9' 

:67 

2 
40 
38 
36 

3 
31 
30 
28 
27 
26 

101 

z,' 
76 

:z 
62 

5% 

51 

5: 

:t 
41 
40 

i: 

:: 
31 
29 
20 
27 

-- -- 

-- mm 

106 llo 

s 'g 

;; 2 
68 71 
64 67 
61 63 
58 60 

2 56 58 
52 54 

E :'o 

:: :: 
41 43 

z 41 39 
36 38 
34 35 

: 33 32 
ii 29 30 

-- - -- 
-- -- -- 

- 
107 
96 
87 
81 
76 

2 
65 
62 

:7 

:: 

zi 
46 
44 
42 
40 
38 
36 
34 
32 
31 

- 
110 

;: 
83 

;: 

2 

2: 
59 
57 

:: 
49 

:: 
43 
42 
39 
37 
35 
33 
32 

-- 
104 

;: 
78 

ii; 
66 
62 
60 
57 

:: 

4'; 
46 

:: 
41 

z; 
35 
33 
31 
30 

- 
101 

93 
86 
80 
76 

:'8 

2: 
61 
59 

:: 

El 
46 
45 

:z 
38 

:t 
33 

Table D-5. Radius of Curves and Middle 
Ordinates for Curved Rails 

Radius Degree Middle Ordinate (in.) for 
Of Of Rail Length (ft) 

Curve (ft) Curve 3033 39 z:;.:: 6 l-318 l-3/4 2-3/8 

716:a L 
l-5/8 

;-:R 
2-314 

l-7/8 - 3-l/8 

637.3 9 2-l/8 2-l/2 573.7 10 2-3/8 T518 
521.7 11 2-518 :-l/8 4-3/8 
478.3 12 2-7/8 3-3/8 

441.7 13 :-::i - 410.3 14 z-114 :-3'4 5-l/2 
383.1 15 3-l/2 4-1/4 6 

IVOTE: To find the middle ordinate of a curved rail, 
stretch a line frun ends of rail on inside of 
curvature. Distance from edge of rail to 
line at exact center of rail is middle 
ordinate. 

Table D-6. Maximum Allowable Operating Speeds 
for Curved Track 

.) 
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Table D-7 Spml Lengths on Curves for Vanou.a 
Elevatwna and Tmzn Speeds 

Elevation 
m. 15 20 25 

Spiral Length (ft) for Train speeds (mph) 
30 35 40 45 50 55 60 65 70 

1 18 23 29 35 41 47 53 59 64 70 76 82 
l-1/2 26 35 44 53 62 70 79 88 97 106 114 123 
2 47 59 70 82 94 106 117 129 141 152 164 
2-l/2 59 73 88 103 117 132 147 161 176 191 205 
3 70 88 106 123 141 158 176 193 211 229 246 
3-112 103 123 144 164 185 205 226 246 267 288 
4 117 141 164 188 211 235 258 282 305 
4-112 132 158 185 211 238 264 290 317 343 
5 176 205 235 322 381 
5-l/2 194 225 419 

Table D-8. Space Allowance for 
Rail Ezpansion 

33-Foot Rail 39-Foot Rail 
160 Joints per Mile 135 Joints per Mile 

Rail Rail Rail Rail 
Temperature Expansion Temperature Expansion 

OF in. Off m. 

Below - 10 5116 Below 6 5116 
-10 to 14 114 6 to 25 l/4 

15 to 34 3116 26 to 45 3116 
35 to 59 l/8 46 to 65 l/8 
60 to 85 l/16 66 to a5 l/16 
Over 85 None Over 85 None 

pd. Derails. 
Derails are installed on sidings to derail any cars 
rolling beyond a specified safe distance from the 
adjacent running track. The use of derails is governed 
by such local conditions as the relative grades of 
turnout and running tracks, and the amount and type 
of traflic on the track to be protected. Derails are 
installed on the rail farthest from the running track 
and far enough from the clearance point to insure that 
derailed equipment will not foul the rtmning track 
(Chapter 3). 

D-7. Guardrails Over Bridges or Trestles. 
D-7.1. Instahation. GuardraiIs are installed be- 

tween running rails over open deck bridges and 
trestles, on aII curves over 4 degrees, or on tangents 
and curves under 4 degrees if the clear span is 40 feet 
or more. They are installed according to the following 
rules: 

D-7.1.1. Single Track. Two guardraiIs placed on 
the ties between traffic rails to provide a lo-inch 

space between the head of the guardrail and the gage 
side of the traffic rail. 

D-7.1.2. Two Tracks. One guardrail for each track, 
piaced on the ties 10 inches from the gage of the 
traffic rails farthest from the parapets. 

D-7.1.3. Three or More Tracks. One guardrail for 
each outside track, piaced on the ties 10 inches from 
the gage of the traffic rails farthest from the 
parapet. 

D-7.2. Weights. The relationship between weights 
of guardra& and trafl?c rails is ss follows: 

TrafficRail Guardrail 

130 100 
100 85 
90 75 
a5 70 
75 60 

D-8. General. 
Tables D-9 thrugh D-12 give information regarding 
rail and track accessories. 



. 

Table D-9. Rail Accessories for 1,000 Feet of Track 1c 

5 3 

Weight of Rail 
Weight No. of Ties 

Weight 16 per 18 per 
Long 39-Foot 39-Foot 

per 
Yard 

lb 

75 

80 

85 

90 

100 

115 

Tons Rail Rail --- 

22.32 410 461 

23.81 410 461 

25.30 410 461 

26.79 410 461 

29.76 410 461 

34.76 410 461 

Spikesb (4 per Tie) 
Bolts (Square 16 Ties per 18 Ties per Ballast Tie 

Joint-Barsa Nuts), 4 per Lock Washers 39-Foot Rail 39-Foot Rail 15% Shrink- Plates 
Weight Joint weight Weight Weight age Allowed Weight 

Net Weight Net Net Net 6 inches Net 
Tons m Net Tons No. Tons = Tons Tons Deep, cu yd Tons = 

No. of 
Pairs 

51.13 

51.13 

51.13 

51.13 

51.13 

51.13 

1.1 1.38 0.138 205 0.0171 4.97 0.497 5.59 0.559 391.10 3.946 2 
I 
3 

1.1 1.473 0.1473 205 0.0171 4.97 0.497 5.59 0.559 391.10 3.946 

1.38 1.473 0.1473 205 0.0171 4.97 0.497 5.59 0.559 391.10 3.946 

1.38 1.76 0.176 205 0.0184 4.97 0.497 5.59 0.559 391.10 5.887 

1.71 1.76 0.176 205 0.0184 4.97 0.497 5.59 0.559 391.10 6.550 

1.61 2.47 0.247 205 0.0184 6.98 0.698 7.85 0.785 391.10 7.914 

NOTES: Corrections in track materials to be made for each turnout: 
1. Measure track to switch point. 
2. On standard turnout, add 59 feet of track or 118 feet of rail. 
3. Deduct 95 cross. 
4. Add 7 pairs of Joint bars. 
5. Add 28 track bolts. 
6. Add 28 lock washers. 
7. Add l/3 keg of spikes. 
8. Standard turnout plan shows D-bars for Joints in turnouts. When angle bars can be used, it is preferable to use 

them, 
9. Add 136 tie plates. 

10. Measurement of standard track begins at end of switch ties (87 feet from PS). 
t No allowance made for shorts. 

Additional spikes needed on curves (2 per tie). 
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Table D-10 Sue and Wezght of Rat1 Acceasmes 

Bolts Lock Washers 
Weight Joint Bars (Square Nuts) (l/2 in. Wide, 114 in. 

of Length Weight Average Weight Thick) 0 
Rail (4 Hole) per Pair Number in Size Each Size Weight Each Spikes 
lb in. lb 209-lb Keg in. lb in.8 in. (5/8 x 6 in.) 

1 ID 
75 24 43 148 718 x 4 1.35 20D 

1 ID 
80 24 43 139 718 x4-112 1.44 20D 

1 ID 
85 24 54 139 718 x 4-112 1.44 20D 

90 24 62 109 

100 24 67 109 

115 24 63 109 

l-1/8 ID 
1 x 5-l/4 1.724b 2-l/8 OD 

l-118 ID 
1 x 5-112 1.724b 2-l/8 OD 

l-1/8 ID 
1 x5-1/2 1.724 2-l/8 OD 

0.16705 

0.16705 

0.16705 

0.18697 

Weight 
each 

0.8264 lb 

Average 
number 

per 266lb 
keg = 242 

0.18697 

0.18097 

a Inside dimension; outside dimension. 
b Hexagonal nuts. 

Table LL11 Ihmmmm and Weights of Standard Radroad Spkes 

Dimensions, in. Number of 
Head Length of Kegs per Rails Used, 

Length Taper of Approximate Mile of Weight per 
Thickness of Point, Number per Single Yard 

Diameter Length Length Width Thickness of Heel Hook in. -- 260-lb Keg Track lb - - 

112 3-112 l-5/16 l-1/8 l/2 5116 11/16 718 624 17.9 20 to 30 
l/2 4 l-5/16 l-1/8 112 5116 11/16 718 550 18.0 20 to 30 
l/2 4-l/2 l-5/16 l-1/8 l/2 5/16 lli16 7/8 504 20.0 30 to 40 
l/2 5 l-5/16 l-1/8 l/2 5/16 11/16 718 472 21.6 30 to 40 
9116 4-112 l-1/2 l-1/4 9116 5132 314 l-118 408 25.8 40 to 50 
9/16 5 l-1/2 l-1/4 9116 5132 314 l-118 365 32.6 50 to 60 
9/16 5-l/2 l-1/2 l-114 9/16 5132 314 l-1/8 330 37.1 66to166 
518 5 l-9/16 l-5/16 21/32 7132 314 l-l/4 288 38.4 85tOlOO 
5/a 5-l/2 l-9/16 l-5/16 21/32 7132 314 l-1/4 272 42.7 85to136 
518 6 l-9/16 l-5/16 21/32 7/32 3/4 l-1/4 242 47.6 85to130 

NOTE: Number of spikes in this table based on tie spacing of 24 inches for rails up to and including 45 pounds 
and 22 inches for rails 50 pounds and heavier. 
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Table D-12. Dimenaionn and ki@tr, of Standard Track Bolt8 

uuta 
short with Htxtgon Mutt Uith sauue Rate 

DIYIU~OIU, in. Dl&er lhmbtr lhmbtr 
Bad or spot number of Ktgt utight. ihmbx of Ictgt 

DIM- DiM- Thick- and weight, in s-r PouPdt In Rail Used 
cttr tttr Length shoulder IIt*. H-n. Pmal& 2OO-lb Mile of per 2OO-lb &?of onWeight 

Diamzter s Wide a Side TOP a wide Thread in. in. Der1OO Icw Track loo Keg Track lb/rd 

112 

l/2 

l/2 

50 

5/B 

3/4 

3/h 

314 

314 

314 

718 

718 

1 

1 

1 

l-3/4 

2 

2-m 

2-3/k 

3 

15/16 5116 

15116 5116 

15/16 5116 

9132 

9132 

9132 

3/0 

3/0 

15116 5116 u/16 l-118 

15/16 5l16 n/16 1-l/8 

15/16 5116 n/16 1-1/8 

1l2 

112 
112 

518 

90 

314 

314 

3/4 

314 

3/4 

7/a 

7/8 

1 

1 

1 

710 

7/e 

7fe 

22.0 

22.7 

24.0 

l-1116 

l-1/16 

l-1/4 

l-1/4 

1-m 

l-1/4 

l-1/4 

l-7/16 

l-7116 

44.5 

47.3 

73.5 273 

76.0 264 

00.3 24 

83.7 239 

06.9 231 

124.1 

129.4 

l-s/a 175.0 

l-s/e 187.9 

1-5/e 107.9 

909 

881 

034 

440 

09 

1.6 

1.7 

1.0 

3.2 

3.3 

5.3 

5.0 

5.3 

5.5 

5.7 

0.0 

0.4 

11.3 

12.0 

12.0 

20.3 

21.7 

22.9 

43.0 

45.5 

70.0 

72.3 

76.0 

79.1 

81.9 

118.5 

122.2 

986 

923 

874 

466 

440 

206 

277 

264 

252 

245 

169 

164 

166.3 121 

187.9 log 

107.9 log 

1.5 

1.6 

1.7 

3.1 

3.3 

5.0 

4.0 

5.0 

5.2 

5.4 

7.7 

8.0 

10.8 

12.0 

12.0 

12 to 20 

12 to 20 

12 to 20 

25 to 35 

25 to 35 

40 to 45 

50 to 75 

50 to 75 

50 to 75 

50 to 75 

75 to 05 

75 to 05 

90 to 100 

90 to 100 

115 

l-l/0 

l-1/8 

13132 

13/32 

1-1/S 3/e 710 

1-m 3/B 710 

3 1-s/0 17/32 l/2 l-318 l/2 

3-114 l-3/8 17132 l/2 l-318 l/2 

3-1l2 1-310 17132 l/2 l-3/0 l/2 

3-3/h l-318 17132 112 l-l/S l/2 
4 1-3/a 17/32 l/2 l-310 l/2 

1-m 

l-1/4 

l-3/4 

l-314 

l-314 

I-314 

l-314 

l-9116 19/32 

l-9/16 19132 

4 

4-l/4 

9116 l-9116 9116 

9116 l-9/16 9/16 

l-3/16 

l-3/16 

2 

2 

4-l/2 l-23/32 5/8 19m l-23/32 5/8 l-5/16 2-l/4 

4-314 l-23/32 5fa 19132 l-23132 5/8 l-5116 2-m 

5-l/2 l-11/32 510 19132 1-n/16 9116 l-3/8 2-l/4 
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APPENDIX E. TRACK CHARTS 

E-l. Scale. 
Track charts are prepared to the most convenient 
scale and of such a size to permit filing with real 
property records. If total track mileage is over 10 
miles or 50,000 feet, the scale may be either 2 inches 
to 1 mile or 2 inches to 5,006 feet. If total length is 
less than 10 miles, the scale may be 4 inches to 1 mile 
or 1 inch to 1,000 feet. In congested or industrial area 
any format or scale can be used (7-7.2). 

E-2. Title. 
The chart should contain the name and location of the 
installation, name of the serving railroad or railroads, 
scale used, and title block of the office preparing the 
chart. 

E-3. legend. 
All symbols will conform to standard military 
SyIdOlS. 

E-4. Track Data Included. 
The following trackage and structures will be 
included: 

E-4.1. Main lines or running tracks. 
E-4.2. Crossovers within main lines. 
JU.3. Turnouts from main lines. 
E-4.4. Sidings, spurs, ladder tracks, and yards. 

E-4.5. Buildings, bridges, trestles, culverts, and 
other structures. 

Ea.6. Highway and road crossings. 
E-4.7. Connections to serving railroad. 
EA.8. Installation property lines. 

NOTE: Any important tracks leading from main 
or running tracks are made the basis for a separate 
chart, identified by name or number of the track and 
added as an extension to the main chart. 

E-5. Method of Representation. 
E-5.1. For simplification, the main or running 

tracks may be represented by a heavy horizontal line 
in the center of the chart. Double track should be 
represented by two parallel lines. Where double 
tracks change to single track, the two lines converge 
to a single line. The curvature of the tracks is 
represented by a series of arcs, and the tangents by 
straight lines at the bottom of the chart. The vertical 
lines running the full width of the sheet are the 
reference points, either mileposts or survey station 
numbers (usually l,OOO-foot stations). The number of 
the station or milepost is indicated in the circle at the 
top of the vertical line. 

E-5.2. A space l-112 inches wide is used for 
indicating the profile of the track. Elevation and 
grade are indicated as shown in Figure E-l. 
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APPENDIX F 

String lining of Curves Made Easy* 
A Method of Correcting Alinement Which Is Quicker and More Convenient 

Than Use of Engineering Instruments 
By CHARLES H. BARTLETT 

I 

T is a well known fact that all 
railroad curves are made up 

of circular curves and easements 
or spirals. The circular curves are 
staked out by engineers before the 
track is built; while the easements 
are more usually installed after the 
curve is laid. The above statement 
is especially true of curves which 
were laid out many years ago, 
when the use of an easement curve 
was considered an unnecessary re- 
finement of engineering. It is an 
equally well known fact that no 
curve, no matter how well it may 
be ballasted or how carefully it 
may be maintained, will remain as 
it was originally staked out. This 
change, due to many different 
forces (such as temperature 
changes, continual pounding by 
passing trains, shifting of the road- 
bed, etc.), produces what are 

This ie tke first of a eenee of art&es 
descnbmg a new method for relmang 
curvea bg mean-9 of a stnng in plnce of a 
tmnAt.Invww0fthemcrea.s w ~mpor- 
tance of accurate cum maznte?lance 
and the necessity for ch.ecking curue 
ahement f+equenlly, at w believed that 
this method will be of antereat and help 
to damawn enganeera; roadmmtera and 
forema It haa been adopted by a large 
western road a* extenaave tn51 and a.9 
employed an the maintenance of several 
thousand miles of thur lane. Each art& 
will be wmplate tn tb descriptwn of the 
pa-r pvrtwn of the method, whale 
the mnea a.3 a whole ml1 wnsttiute a 
manual of anstructwn to which anyone 
uaang the m&ad may refm as much a8 
he finds neceaaary. The author devel- 
0ped thta system when an imtmmelzt- 
man in the office of the damswn 
madnmster of the St. Louza dzvtswn of 
the Illrnow C&ml --EDITOR 

known as “sharp” and Vat” spots in the original 
curve. By a sharp spot is meant a portion of the curve 
whose curvature is greater or “sharper” than that of 
neighboring portions of the curve, or, less commonly, 
than the curvature as first staked out. Similarly, a 
flat spot is one whose curvature is less than that of 
the adjacent portions of the same curve. It is obvious 
that such a condition is not desirable, and equally 
obvious that the sooner it is corrected, the less 
discomfort W-U be caused to passengers and the safer 
the track will be for all trains, passenger and freight. 
It is the purpose of string lining to correct the defects 
of alinement and to give to the curve that uniformity 
which insures both good riding qualities and safety, 

* copyrighted by Simmons Boardman Publishing Company. 

restoring the curve to its original 
shape or nearly so. 

Although string lining, in one 
form or another, has been in use 
on some of the railroads of this 
country for many years, its usehas 
not been widespread and many 
roads have preferred to leave the 
work of realigning curves to the 
engineering department, or else 
entirely to the track foremen, each 
of whom has had his individual 
way of accomplishing the work. 

This practice has resulted in a 
condition found on almost every 
road in the country, whereby on 
one section all curves will be well 
lined and properly elevated, while 
on the next section they will be 
just the opposite-the reason, of 
course, being the difference in the 
ability of the two section foremen 
to line their curves. Such a condi- 

tion could be remedied quite easily if a standard 
procedure for curve lining could be adopted. Natually 
it follows that any system adopted as standard must 
be easily learned and easily remembered by all 
foremen and supervisors; and, moreover, that such a 
system must reduce to a minimum not only the time 
required for calculations, but also the effect of judg- 
ment or experience. In other words, it must be nearly 
“mechanical” in its application, It is claimed for the 
system described in thii series of articles that it 
possesses to a high degree all these qualifications. 
The proof will, of course, rest in the application of the 
principles to actual conditions. 

It should be pointed out at this place that this 
system is not that commonly known as “cording a 
curve.” The latter method consists of measuring the 

F-1 



TM 5-627/MO-103/AFM 9133 

middle ordinates to a curve from a cord stretched 
between points on the curve, averaging what appears 
to be the predominating ordinate, and then throwing 
the track, by means of lining bars or similar devices, 
back and forth until it is approximately uniform. 
While this method will undoubtedly work, aRer a 
fashion, any foreman who has ever tried it knows that 
he will have to go over the curve several times before 
a satisfactory result can be obtained, and the labor 
required and the time involved must surely have 
struck him as so much wasted effort. Such a man will 
readily concede that if the proper throw could be 
made the first time much needless work would be 
saved. The proposed method points out exactly what 
correction is needed at each point in order to make a 
true curve. 

Another point which should be emphasized here is 
that no eleborate equipment is necessary. No piano 
wire and no delicate measuring instruments are 
required. All that is needed is a good stout piece of 
cord, similar to that used by bricklayers or masons, 
and an ordinary ruler whose divisions start at the end 
of the rule in order to allow it to be placed against the 
gage line of the high rail, as explained later. More- 
over, there are no complicated mathematical expres- 
sions to use, as the process consists in the addition 
and subtraction of small numbers representing the 
middle ordinates as measured. Frequent checks on 
the work can be made, as explained later, so that if a 
mistake is made it will be detected quickly, before the 
work has gone too far. 

Finally, the system works. This has been demon- 
strated in actual practice by re-alining nearly a 
thousand curves by its use. And it works, not only 
from the standpoint of the maintenance man, by 
giving him better track in less time and with less 
expenditure of labor and money, but also from the 
standpoint of the engineer, inasmuch as by its use can 
be determined all the properties of a curve which can 
be ascertained by using an instrument. That is, the 
central angle between tangents, the central angles of 
all spirals, the points of spiral, points of curve, degree 
of curvature, rate of change of curvature of spiral, 
etc.-all can be computed readily and easily within 
satisfactory limits of error. When to this fact are 
added the many other advantages-such as the fact 
that the system is from five to ten times as rapid as 
transit lining, the engineer as well as the foreman will 
realize that it will pay him to investigate the possibili- 
ties of this method of string lining. 

The Method Is Rapid 
The time required to master the fundamental 

principles of the entire method varies from two or 
three hours to about eight or nine hours. One day’s 

working time has always been found sufficient to 
enable a new man to obtain a thorough understanding 
of all the rules and necessary operations. 

The various operations in setting stakes for a 
curve, such as taking the original data, figuring the 
curve, and setting the stakes, have all been carefully 
timed. It takes, on an average, about 114 minute per 
station to take the original ordinates of a curve. This 
is an average figure, and takes into account delays 
due to waiting for trains to pass, walking between 
stations, rechecking any doubtful ordinates, and find- 
ing the point of ending and beginning of the curve (by 
trial method to be outlined). 

It takes, on an average, about l-112 minutes to 
distribute stakes at each string lining station (from 
the original bundles), drive an iron pin into rock 
ballast, shake the pin to make a good hole, drive a 
wooden stake, and set the tack in the stake. In cinder 
ballast the average time per stake set in the field is 
about 1 to l-114 minutes, depending upon the firm- 
ness and density of the ballast. This makes the total 
time required to perform all the field operations in 
lining a curve equal to about l-3/4 minutes per stake 
in rock ballast, and l-114 to l-112 minutes per stake in 
cinder ballast. 

Several Trials Are Required 
It is obvious that in attempting to line a curve 

which is badly out of shape, several trials will be 
required before the best curve can be found. If a 
foreman and his gang of men set out to reline a curve 
by eye only, several attempts will be required before 
a satisfactory curve can be obtained; and the same is 
true of the computations required by the system 
described in this series of articles, the only difference 
being that instead of the actual track on the curve 
beng changed, only the figures representing the 
curve are changed. It has been found, consequently, 
that an ordinary school slate, ruled into columns (as 
described later), furnishes the easiest and most satis- 
factory way of making the changes required, inas- 
much as it requires more time to make erasures from 
a sheet of paper. The length of time required to make 
the computations on the slate will, of course, depend 
upon the individual and upon the number of curves he 
has lined. Curves requiring no more than a foot throw 
either in or out, can ordinarily be lined upon a slate at 
the rate of from 1 to 2 stations a minute. The author 
has lined (on the slate) curves of 86 to 90 rails in 20 
and 30 min. time, whereas some harder and shorter 
curves which were badly out of line have taken as 
much as three or four hours, in order to obtain a 
curve which would not throw beyond a certain fixed 
limit, Tbe figure of 1 to 2 stations a minute includes 
the entire time required to line the curve on the slate, 
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from the time of starting until the curve is fully lined; 
it includes making all changes, erasures, etc. 

Thus, according to the above average figures, a 
curve in rock ballast, a mile long, would require about 
seven hours to re-line, from the time of starting in to 
get the original data until the last stake was set. As a 
matter of record, several curves a mile long have 
been lined by this method at the rate of six hours per 
mile. All of these curves were compound curves 
(before lining), and were spiraled. In relining them by 
the string system, proper spirals were placed at each 
end and between the branches of the compounds. The 
author’s experience in lining curves with a transit has 
led him to believe that the time it would require to 
line a compound curve (with two branches), spiral 
both ends and insert a spiral between the branches of 
the compound, and drive a stake every 33 ft. in rock 
ballast, would be anywhere from three to five work- 
ing days of eight hours each. On such a curve (a mile 
long), the intersection angle could not be run, in all 
probability, and the matter of lining an entire mile 
without “running off the embankment” would be 
quite a problem. 

In addition to the fact that a curve can be figured 
and the stakes set much more quickly by the string 
lining method than by the transit method, there are 
other advantages which make for a considerable 
saving in time. For example, passing trains and 
motor cars do not cause any serious loss of time. With 
an instrument, every time a train or motor car goes 
by, a new set-up must be made, which takes from 
three to eight or ten minutes, depending upon how 
far the flagman has to go for a second backsight. With 
the string lining method, the only time lost is that 
which it takes the train or motor car to pass the 
working point. This is an advantage of considerble 
weight on heavy traffic lines. 

String lining is cheaper than transit lining because 
of the time save, because fewer mistakes are made, 
because a better curve is obtained, and because the 
throws are kept to a minimum. In transit lining, a 
party must necessarily consist of an instrumentman, 
a rodman and chainman. The combined salaries of 
these men will equal about two to three times that of 
a chainman and two section laborers for the same 
length of time. Adding to this fact the saving in time 
effected, we have, considering string lining as say 
four times as rapid as transit lining, the cost in 
engineering labor to use the string method as ap- 
proximately one-eighth of that with the transit meth- 
od. These figures, if anything, are conservative. The 
actual saving will run as high as 9/10 in most cases. 
Not only are the salaries of the instrumentman and 
rodman saved on each curve, but these two men are 
than available for other work in the engineering 
department. 

Facilitates Compounding 
Further, string lining permits compounding a re- 

vised curve slightly for a given distance, usually quite 
short, in such a manner that the saving in throw 
effected is marked. This is a valuable property for the 
maintenance man, since it enables him to install a 
smooth-riding curve with a minimum of throw, and 
consequently, with a minimum of time and labor. The 
time of a section gang can be cut down by several 
hours in this way, thus realizing a big saving. 
Suppose that at string lining station number 10 of a 
curve, we change a revised ordinate by 1 (tenth of an 
inch) in order to decrease the throws, then as will be 
explained later, at the end at some such station as 67, 
say, we have effected a saving in throw of twice 67-10 
or 114 tenths of an inch (11.4 in.); yet we have 
compounded the curve only 5-114 minutes and for a 
length of only one rail. It would never have occurred 
to an instrumentman with a transit to make such a 
compound, and he would have carried his curve 
through to the end, with the consequent big throws. 
String lining, then, permits of keeping the track close 
on the old bed (a big advantage) and yet obtaining a 
smooth-riding curve. 

By making it easier for the trackman to line his 
curve (by placing the stakes every 33 ft. instead of 
every 50 or 100 ft.), we avoid the small sharp and flat 
spots which creep in because of the fact that a 
foreman has to line between the 100 ft. transit stakes 
by his eye. We accordingly prevent the cuwe from 
getting so quickly into bad line once more, and thus 
effect another saving in maintenance cost. 

Work Can Be Inspected in Advance 
Since a record of the throws required at each joint 

or string lining station to line a curve into a new and 
better shape is obtained from the slate or calculation 
paper, the operator has a record, in black and white, 
of how much he proposes to throw the curve. He can 
take this record to the roadmaster or assistant 
engineer, as the case may be, to look over at his 
leisure and inspect the changes necessary. 

If the work were to be done with a transit, the 
instrumentman would first have to set spikes or 
stakes, and then go to every transit station and 
measure the throw, if such a record were to be given 
his superior officers before the curve was actually 
lined in the field. The advantage of having such a 
record as string lining gives is readily understood by 
anyone who handles such matters on a railroad. The 
size of the gang required to do the work of lining, the 
approximate amount of time required to do the work, 
and all other arrangements or information relative to 
the task of re-alining the curve are known and 
determined before a start is made. 
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String lining permits of so compounding a curve (if 
necessary, of course) that the throws at or near a 
permanent track structure can be made either zero or 
negligible. This also is a means of avoiding a great 
deal of unnecessary work and of saving time and 
expense. Such small throws as are required can be 
made upon the slate, so that the entire amount of 
shifting of such obstacles can been seen by the man in 
change of moving them before the curve is lined. To 
do this with a transit would require a great deal of 
time and the running in of many trial curves before a 
final curve is selected. 

The equipment necessary to do string lining is 
much simpler and much cheaper than that required 
with a transit. In addition to this, it is easier to carry 
around, no care need be felt for its safety or adjust- 
ment; and, finally, expensive errors in instrument 
work done by more or less inexperienced men are 
entirely avoided. 

Summary 
The principal advantages of string lining, then, are 

as follows: 

(1) It is much cheaper than any other method. 
(2) It is much quicker than any other method. 
(31 It is much easier than any other method. 
(4) It is easily learned, easily remembered, and 

easy to use. 
(51 Errors are readily detected by several checks on 

the work. 
(6) Throws can be governed almost at ~11. 
(7) Spirals are no longer an “affliction” to install, 

but are so easy, and help to decrease the throws 
required to line a curve by so great an amount that 
their installation becomes easy and automatic. 

(8) A record of proposed changes or throws is 
obtained and is ready for inspection before any work 
is done. 

(9) It lowers maintenance costs. 
(10) It permits of relining curves annually at small 

expense of time and labor. 
(11) It gives a more satisfactory curve. 
(12) No expensive or easily breakable equipment is 

required. 
(13) Less men are needed to do the work of figuring 

the curve. 
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How to Measure a Curve 
A Description of the Steps to Be Taken 

HE WORK of string lining a 
curve falls into three natural subdivi- 
sions. These are, in the order of their occurrence: 
1. The taking of the necessary field data of the 

existing curve, and their arrangement and record- 
ing in such manner that the necessary computa- 
tions will be shortened and facilitated as much as 
possible, in order that mistakes will be rendered 
im robable. 

L The computation of the throws requised to 
correct the various defects of alinement of the 
existing curve. 

3. From the corrections computed, the setting 
of stakes or other guides by means of which the 
section foreman and his gang will be enabled to 
re-aline the curve. 
Of course, a fourth subdivision might be added- 

namely, the checking of the revised curve after the 
work of re-alining has nominally been completed. 
However, this is practically never done and, as a 
matter of fact, is needless if the work has been care- 
fully done throughout. 

This article deals with the methods of taking the 
required information-that is, the characteristics- 
of the existing curve. Before discussing these meth- 
ods it seems advisable to recall certain properties of 
the circular curve. 

Bada of String Lining 
Railwa curves can be divided into two broad 

eluses : I 1) circular curves and (2) spiral or ease- 
ment curves. In the original location of a.line, before 
the track is laid, the circular curve only is staked out; 
the spiral is left until the greater portion of the curve 
is actually laid and is then staked out by the engi- 
neer or is left to the track foreman to put in by eye. 
For this reason, and also because the spiral requires 
special treatment, the circular curve will be consid- 
ered first. 

Both theory and experience prove that, in order 
to provide and maintain good riding qualities in a 
curve, it is necessary to keep truly circular that 
portion which was originally constructed as a circle. 
This can be done in several ways. With a transit, 
advantage is taken of the principle that, for equal 
-- 
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in Securing Data Regarding 
an Existing Curve 

chord lengths along a circle, the deflections from a 
tangent at the point of curve are (angularly) equal. 
String lining takes advantage of the principle that, 
for equal chord lengths along a circle, the ordinates 
from the center point of the chord, measured per- 
pendicularly thereto, are equal. And, just as for a 
given degree of curve there is a characteristic deflec- 
tion for each chord length, so for that same degree of 
curve and same chord length there is a single charac- 
teristic middle ordinate. Therefore, if the middle 
ordinates of a given curve, measured from equal 
chord lengths, are all equal, that curve is a true circle. 

It is well known that a curve which is a true circle 
when originally laid will eventually, as a result of 
outside forces such as engine and car wheels, tem- 
perature changes, etc., become a series of curves, 
some or all of which may be of different degrees of 
curvature. This naturally makes for rough riding 
track. It is the purpose of string lining to restore 
the circular character of the curve by making the un- 
equal middle ordinates of the actual curve all equal. 
In order to do this with the minimum of expense, 
time and interruption of traffic, it is first necessary to 
obtain a record of the middle ordinates, for a given 
chord length, on the entire curve. 

Selecting the Chord Lengtha 

The best length of chord depends on certain fac- 
tors, chief of which is the length of rails in the track. 
If the entire curve is composed of rails of equal 
length, such as 30 or 33 ft., the best chord length is 
equal to twice the length of rail; that is, 60 or fi6 ft. 
Since all ordinates are measured from the chord to 
the high rail of the curve (because measurements 
can then be taken to the gage line of the rail) only 
the length of rails in the outer rail need be consid- 
ered. If, however, the rails vary in length (as some- 
times happens) the writer recommends a chord 
length of 66 ft., because all the tables used by him 
are based on the use of that length of chord and, 
therefore, such data as may be required can be ob- 
tained directly from tables, without computation. 

The reason for selecting a chord equal in length 
to two rails is that this permits of setting a stake at 
every joint, if desired. The advantages of a center 
stake every rail length, at the joint, over a center 
stake every 50 or 100 ft. nre readily realized, and are 
fully npprrci~trtl bv thr tr.11 k forcmcn who have to 
tlu the work of Inning h nrlich more uniform curve 
is secured with the expenditure of no more time or 
labor Only the very best of foremen are able to 
line 100 ft. of curve of any degree without having 
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slight sharp and flat spots. These irregularities, al- 
though almost unnoticeable at first, lead very quickly 
to enerally poor alinement. 

A e accompanying table gives the middle ordinate 
in tenths of an inch, for a one-degree curve for a 
number of chord lengths. 

Measuring the Curve 
Theoretically, on perfectly straight track, the mid- 

dle ordinate (for any length of chord) is zero If 
the actual tangent track was perfectly straight, the 
first ordinate with which we should have to’deal 
would be a zero, at the end of the curve. However, 
for reasons explained later, It is frequently advisable 
to start well back on the straight track-say five or 
six rail lengths-to measure the middle ordinates 
Although string lining does not undertake to ehange 
tangent alinements, it does permit of making detailed 
corrections thereto at the ends of curves, if there are 
small variations in the straight track 

For txamplc, it will nearly always be found that 
the last ordinates-the first and last on the curve, and 

against the gage line of the high rail at the joint next 
farther ffom the curve than the joint to be measured 
.4nother man holds the other end at the gage line of 
the high rail two joints nearer the curve. The third 
man then measures with a rule the middle ordinate 
at the intervening joint. If the ordinate IS zero, and 
the track back of him (on the tangent) appears to be 
in fairly straight line, he can call this Joint No 1 All 
three men then move up onr joint nearer the curve, 
so that the ordinate at every joint is measured. (See 
Fig. 1.) Care should be exercised that,no joints are 
omitt\cd. A natural.error for a beginner would be 
to move up a whole chord length, instead of half a 
chord length, as outlined above. 

In order to identify the different joints, it IS well 
to number them consecutively. It has proved very 
satisfactory to number the first joint and every fifth 
one thereafter until the end of the curve is reached 
The last joint is given its proper number, whether 
that number is a multiple of five or not 

It is obvious from the foregoing description that 
three men will be needed to measure a curve. Only 

Middle Ordinatea of Dilferent Chords for a One-cle~ree Curve 
Length of chord in feel ._..................-.I___ -__ IO 20 30 31 33 39 50 54 60 62 66 78 100 -----_---- --- 
Yiddlc ordinates in tenths of an inch l_l.__.____ 026 1.05 2 36 2 52 285 3 W 6 54 7 63 942 1006 11.40 IS 93 26.18 

the next adjoining ones just off the curve-are not one of these men need be conversant with the prin- 
zero. A typical case, taken from an actual curve, 
measured with a (idft. chord is as follows: 

ciples of string linmg, since the only duty of the 
other two is to hold the ends of the string tightly 

Middle against the gage line of the high rail and to see that 
Joint Ordinate the string is properly taut at the time an ordinate is 

Join1 Number 1 02 in. measured. Laborers from the section gang are gen- 
* * 2 0.2 ” ” * 0.0 ” I Y : 0.1 ” 
” Y 
4 * : 8f ” Y 
. * a4 * I Y i I2 * 

The joints below the horizontal line are on the 
CWVC, while those above nrc on what is supposed to 
be perfectly straight track. It is possible in string 
lining to make all of the ordinates above the line 
equal to zero, thereby makinK a perfect tangent track :.*- .I\ 
and contributing mnt**ri.llly to both the :Ippearance . 
and the riding qualitic5 of the curve at the rnds. 

With the above in mind, let us assume WC have an 
a+ral curve to measure. Ihc steps are as follows: 

First. locate by eye the end of the curve; then go 
to that point, have one man hold one end of the string The Ruler Cm Be of Any Desired Size and Shape 
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erally sclcctcd for this duly IICC.IIIX of thcll bcmg 
close at hand 411d rc.ldrly .~v.~~l.~blc fur the bh~rl time 
requlrccl to IIIC,IZ~~~~ tllr (urvc. 

The n~nn who nlcn’,urc, the middle ortlinatc shc~uld 
select the lmints of Ilc’gt:““l~nfi and cntl~ll~ of the 
curve, and shc>ulrl ~llc~k tllr nulnbcrlng of the r,uls. 
The numbcr5 c.111 bc markrtl 1~1 the web or bnsc of 
the rail with chalk or keel by one of tl:c men holtlmg 
the end of the string, prcfcrdbly the man nt the rear. 

The recorder can then call off the numbers in some 
such fashion as: 
No. 45 now.” 

“Going to No. 45” or “You’re at 

The recorder should provide himself with, a sheet 
of paper upon which are ruled horrzontal rows of 
lines These he should number consecutively to cor- 
respond with the joint numbers It is. of course, 
desirable for him to estimate beforehand the approx- 
imate number of rails in the curve, as this IS a time- 
saver. Opposite each joint number is placed the 
middle ordinate, for the given chord, at that joint. 
This should be put down as soon as measured, to 
avoid the possibility of errors due to an effort to 
remember some of the ordinates. 

Correctness of the original ordinates is a prime 
essential to the success of the string lining method, 
and care should be used to see that the measurements 
are uniformly accurate. Experience will show Just 
what tension of string is required to secure an 
accurate measurement in the shortest possible time. 
If the string is not taut enough in the opinion of 
the recorder, he should call to one man to pull up 
on it slightly. If the ordinate changes, it is then ap- 
parent that the proper tension of the string had not 
been secured Too great a tension will, naturally, 
break the string, but little fear is to be antrcipatcd 
from this source after the proper pull is once ascer- 
tained. If the string does break, however, it should 
not be tied between the ends of the chord, as this 
obviously impairs the accuracy of the measured mid- 
dle ordinates, 

The Necessary Equipment 

In order to obtain an unbroken length of string 
60 ft. or more in Icngth, it will usually be necessary 
to purchase 100 ft. of cord The author’5 rxpcricnce 
has been that all the ordinary varieties of cords pur- 
chasable at hardware stores or stationery stores wail 
stretch appreciably at first. This need not hc a source 
of worry, howl.vcr. ns lonl: :I$ thr \trinx i\ taut A 
good plan t~l f~~llc~w 1s to Imy 100 ft of \II”~K, \uch 
as that used by masons .mtl hrtcklaycrs, tie both ends 
securely to wooden haLdIes-which enable the ends 
to be gripped tightly and pressed sccurcly against 
the gage of the rail-and then wind the unused por- 

tloli on one stick. hflrl n shot1 pcriotl of USC, the 
rttlng will no loiigrr stretch, and ;I fatrly accurate 
chold will bc dclrl tnrnctl by the IcnKth of the strtng 
Itbclf. .ilthough this IS not the ~:u~tll~ig f.kctor in fix- 
ing the l”opcr chotcl Icngth. \\:hcrc nil the ra&. :lrc 
cqunl. the tlclcrmlning IcngtI1 is th.lt of two rails 

Whcrc the ralls tn the high r.til of the curve rare 
of dlffcrcnt Icngtlls. it will be nrcc\sary to chain or 
mea\urc out the curve before taking any of the ordi- 
natcs. This should bc done with a steel tape or, If 
none is handy, with a metallic tape. StatIons of 33 ft 
are marked along the high ralt, and numbered as 
bcforc. The string should not bc used for measuring 
the length of the curve because of the accumulative 
errors caused by stretching of the strmg and in- 
equality of tension bctwccn diffcrcnt stations. 

The ruler by which the ordinates are measured 
can be of any convement Suze or shape. A trrangular 
scale, of the type used by eng-meers or architects. 
makes an excellent rule, if the excess at one end is 
cut off so that the zero of the rule is at the end of 
the scale, although any rule whose graduations start 
at the end can be used Whether an engmeer’s or 
an architect’s rule is used depends upon the umt of 
measurement adopted. This leads naturally to the 
question of what is the best unit for the purpose. 

Unit of Measurement of Middle Ordinate 

Middle ordinates can be measured in any unit 
wl$ch appeals to the man who makes the calculations 
and takes the measurements of a curve However, 
the selection lies almost entirely between the three 

Jr- 
-- . 

Fig. 2-A Specimen Page of Notes 

following units: (1) the tenth of an inch, (2) the 
eighth of an inch and (3) the hundredth of a foot. 

l%c:lnccr.z .*rc .lccll\tomcd to mcnsurlng small 
qu,tl~l1tlc’4 ln hnntl~c~ltllr of 3 foot. and tlui unit is 
sultablc for practical purposes from thrlr btandpomt. 
However, the track foreman is not accustomed to 
this unit and, since he is vitally interested in the 
amount of throw required to correct the alinement 

,/‘I/ & F-7 
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of a curve it appcrrs hcst to use cithcr the tenth or 
the eighth of an mch Further, the huntlrcdth of a 
foot is not quite ah XCtlKltC (by abwt 20 per cent, 
rcrardlcss of the relative numerical values of the two 
u&s) as c:thcr of the other two. 

The eighth of an inch is a practical unit from the 
stondpoiryt of the track man; and suitable enough 
for the engineer. The chrcf objectron-and it is an 
imuortant one-against its use is that middle ordi- 
naics must be written first as inches and eighths of 
an inrh (as 4% in.) and then reduced to crghths only 
(as 4% in becomes 39/8 in. or more simulv. 39). 
The work of reduction assumes important dim&ions 
as the curves become longer. 

The tenth of an inch hagthe advantages of both the 
above units, and the disadvantages of neither It is 
equally surted to the needs of th; engineer and track- 
man, it is sufficiently accurate to permit of obtaining 
correct measurements and securing excellent results 
It has, too, the big advantage that ordinates written 
in this unit can be written directly as whole numbers. 
For example. an ordinate of 54 in. can be written 
down immediately, without further reduction, as 54 
The advantage of this feature can be appreciated only 
after the reader has actually lined one or two curves. 

Practical Hints 

1 When taking the data on the actual curve, th< 
recorder should make pencrl notes of the station 
numbers of fixed structures, located on or near the 
curve, whrch are apt to govern or restrict the permis- 
misible throwmcr of the track. For examole. a trestle 
or steel bridge,“the edge of a buildmg, a’de& cut, a 
high fill and other such obstacles form more or kss 
S&OUS impediments to the free throwing of a curve. 
Their positian and extent should be noted by string 
lining statron and plus. 

T& station and-plus and the number of turnouts 
must ‘also be noted for it occasionally happens that 
when a curve is rc-alined, it it advisabii or even 
necessary to change the number of one or more frogs 
and the corresponding turnouts. 

2. The kind and quantity of ballast (per cent of 
standard ballast section) should be roughly noted 
down or remembered, in case it is necessary to throw 
portions of the curve a foot or more from their posr- 
tion before being rc-alined. Although the road 
supervisor or road master is generally supposed to 
care for such matters as ballast requirements, after 
he has seen the stakes or otherwise learned the 
amount of throw at the various points of the curve. 
if is well to be able to give an approximate csttmate 
of the quantity of new ballast, if any, which will be 
required 

3. Mental note should be taken of the grade line 
of the track through the entire curve, especially at 
the entering and leaving ends of the curve, for reasons 
explained in a subsequent article. 

4. Ascertain from a timetable or other reliable 
source the speed of trains operated over the curve to 
be lined, as their speed affects the spirals or eax- 
ments to be used. 

5. If certain ordinates measure a half unit more 
or less than a whole number (as 5.75 in.=575 tenths 
of an inch) attempt to halance them hy increasing 
some by a half and dccrc,rGng others hy a half, as the 
sum of the ordinates ts a measure of the total any- 
lar change of alincment, a,ld should be constant. 

6. The recorder should call “all right” as soon 
as he has hnished measuring an ordinate, so that all 

three men may move up to the next joint or station 
without loss of tnnc. 

7. It will somctrmcs hnppcn that the grcatcr part 
of a curve will have rails of uniform Icngth. but that 
near one Cnd will be a turnout or road crossing where 
some short ratls wrll bc found. In such a case. it is 
usually not ncccssary to chain or mcasurc wrth a 
tape the rcmaindcr of the curve, rf the measurcmcnts 
be started at the oppostte end and carried toward 
the nomt where the short rails are located For ex- 
ampie. suppose a curve to have 67 rarls, 57 of which 
are all 33 ft. long, after which there are 3 short rarls. 
the remamder berng agarn 33 ft rails Measure the 
rails from the end where the lengths are uniform. 
and then continue the stationtng through the short 
rails by means of the string. This, of course, pre- 
supposes that the man pullrng the string has learned 
very approxrmately the right amount of tension to 
give him a chord of exactly 66 ft. 

8. On double or multiple track roads, it is wise 
to take track centers at intervals around the curve, 
m order that the man making the computations may 
know definitely whether a certain maximum throw 
will be such as to affect the clearance distance or 
minimum track centers. 

9. On double or multiple track roads, tt is always 
better to line separately the same curve on the differ- 
ent tracks than to lrne one track and attempt to line 
the others by mamtaining a untform ctnter distance. 
There are several reasons for this. First, the exist- 
lg track centers may not be uniform, as is usually 

the case, and a relatively small throw on the one 
track may entatl a much larger (even a prohibitively 
large) throw on the next adjacent track. Second, 
most track foremen do not have steel tapes, but have 
cloth tapes which stretch as much as 3 or 4 in. in 
25 ft.: consequently, the foreman cannot maintain 
really uniform track centers by means of such a tape. 
Third, It IS nearly impossible to measure the center- 
to-center distance of curved tracks along the true 
radial line; and a small error in angular dtrection of 
measurement means an apprecrable error in true 
radial distance. Fourth, the entering and leaving 
spirals are of different lengths and dtfferent spiral 
characteristics, which makes it impracticable to main- 
tain uniform centers on spirals, even though the 
degrees of the crrcular curves are the same. For 
these reasons, where it is desired to line two or more 
tracks on the same curve, it is best to take the data 
separately for each curve as an entity. 

10. Before going out to measure a given curve, 
the recorder or his superior should ascertain if any 
work is contemplated -on the curve, and, if there is 
to be some work done, he should defer the measur- 
ing until such ttme as the track will remain undis- 
turbed between the time of measuring it and the 
time of setting the stakes. It sometimes happens 
that data will be taken for a curve, and then a portion 
or all of that curve will be moved, relaid, or other- 
wise disturbed materially. rendering the data taken 
worthless-even a habilrty, in case stakes are set 
from throws computed from these data. 

11. While the author strongly recommends using 
the tenth part of an inch as the unit for measuring 
the distance frnm the string to the gage lmc of the 
hiwIn rail. herau\c of the fact mentioned ahovc that 
such readings can be written as whole numbers 
without any further change (as, for example, 6.2 
inches is 62), nevertheless, he is fully aware that 
most track men do not have a ruler graduated in 
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tenths of an inch and cannot cn\ily secure enc. Con- 
sequcntly, for their purkose it will bc best to use an 
eighth of an inch as the unit, and then reduce the 
ordinates mea\urcd to whole numbers in order to 
work with them more easily. It is obvious that it 
requires some little thought to srrbtract 3% inches 
from 4% inches and get g inch; and it is equally 
obvious that it is much caster to reduce 3% inches 
to 31/8 and 4% inches to 34/8 and then subtract 31 
from 34, leaving 34. The best way to do this is to 
make a little table, which can be referred to a& any 
time, and v 1~~11 gi\eh the “\\hrJr numcratru\” flu 
the inches and eighths of an inch. The foreman 
should start out and make his own table, thus: 

% in 
y in 

d 

: 
in. 
in. 

ip$ i 
7 

Such a table will pay for the labor required to 
make it many times over. In fact, it is almost a 
necessity if the ordinates are measured in eighths of 
an inch. 

12. Throughout this entire series of articles, wher- 

ever the word gage is used to indicate a pomt on 
the head or ball of the rail, tt should be taken to 
mean the lowest point on the hc.rd of the rad on 
the gage side, rathrr than the thcorctrcal gage lmc 
of the r.ul. \\hlCh 1. .I1,l,111 “4 of .I,, inch lrlml the 1111’ 
of the rail. The reason for this is that almost all 
curved rails wear uncvcnly and the only pornt whrch 
is dcfinitcly determined is the lowest pomt of the 
head, where the wheels do not touch or at lcast 
touch but a little. 

13. The foreman must not get the idea that this 
system wrll work only for 33-foot rails. Any chord 
length at all will do, just so the same chord rs used 
to measure the entire curve. If a curve happens to 
be laid with sawed rail only 27 ft. long, then the 
proper chord to use is twice 27 or 54 ft. As far as 
the foreman or trackman is concerned, one chord 
length is just as good as another; but for the pur- 
poses of any engineers using the method, the best 
length is 33 ft.. because all the tables grving the 
enginecrmg data have been worked out ior that 
length rail (that is, for a 66-ft. chord), and consider- 
able time and computation will be saved when fig- 
uring central angles, spiral functions, etc. For re- 
lining purposes only, however, no tables are needed 
and any length will do. 
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High Grodr Possrngrr Strtmc Demands Good Cww Alinmrrrr 
Lining Curves 

N I THE TWO previous articles ,of this series the 
manner of taking the measurements of an actual 
curve has been presented In this article it is as- 

sumed that it has been decided to change the actual 
curve in certain ways so as to rectify any errors of 
curvature that may exist, such as sharp and flat spots. 
‘1 his article will set forth the fundamental principles 
underlying the means of effectmg the change from the 
actual curve to the revised one In the following dis- 
cussion, no mathematical analysis 1s given for any of 
the principles stated, except the simple geometrical 
proof for the theorem regarding the throwing of a joint 
or station, although complete and satisfactory proof can 
be given mathematlcally for all of the rules given. These 
proofs are omitted from this series of articles as it IS 
thought that they will not be desired by most of the 
readers 

Sum of Ordinates Must Remain Constant 
The first prmciple of strmg-hnmg IS that the sum of 

the ordmates of a curve must rcmaln constant through- 
out any serle5 of operations deslgncd to correct the 
alinement of that curve In cjthcr v:ortls. if a curve 1q 
measured and tbc ordmatcs taken in the field total 656 
tenths (or eighths, quarters or any other units) of an 
inch, the total 656 must rcmam rhe same for any revised 
curve It can be proved that this total represents the 
actual angle between the two tnngrnts or pieces of 
straight track at each end of the curvr; and Inasmuch 
as it IS obvious that the angle between the straight tracks 

cannot be changed, the total of the measured ordmates 
must not be changed. 

The second principle is that the sum of the errors be- 
tween the figures for the ortgmal curve and the figures 
ior the rr\lsetl curve mu\1 equal Tero. the error at any 
station being defined as the difference between the orlgl- 
nal ordmate and an) revrsed ordmate selected by the 
man lining the curve. It IS, briefly, the orlginal ordinate 
less the revised. Suppose that at some station of a 
curve the ordinate measured m the field is 48 eighths 
of an inch, or 6 in Ii, for reasons cxplamed later, it 
1s desired to change this ordmate N hen re-linmg the 
curve, to some such figure as 41 eighths of an inch (or 
5% In.) the error at that station xlll be 48 less 41 or 7 
clghths of an rnch. If the revised ordmate is larger 
than the orlgmal. the difference or error IS termed nega- 
tive and a mmus sign placed m front of It For ex- 
ample, if the revised drdmate m the above case hap- 
pened to be 53 mrtead of 41. the error would be 48 less 
53 or minus 5 eighths of an inch In view of the above 
cxplanatlon, It will be clear to the reader that, If the to- 
tal of the rcvlsed ordmates must equal the total of the 
orlgmal ordmatcs, the total dlffcrcnce between the two 
must be zero, the total difference bcmg merely the sum 
of the separate differences or errors at each statton. 
In other words, the second prmclple IS practically the 
same as the first, but IS merely a mole convenient way 
of exprcssmg it. 

Efiect of Throw on Adjacent Stations 
The third principle is very important, and should be 

thoroughly understood hcforc the rradcr attempts to 
IIW duv curi’,* It i, n\ f<,110\~5 

J2111,* If ant J~~lnt (or LIIIOII) 111 n r\lrve is movrd 
In or out a rcrtnm cll\tance (whlrh tll\t:lnre 1s called the 
throw), the middle ortllnatcc at thr 4tatinns on each Glc 
of the one moved wall be chanpctl hy half the amount 
of the throw, and in the cllrectmn opposite to the throw 

The above rule 1s best cxplainrd by a diagram Let 
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the rcadrr refer to IIIC accompanying hgurc. in which 
is shown a p0tt101l of a circular curve ABC, whose 
chord is AC and n~itltllc ordmatc MB. The arc ABC 
can be taken, if &sired, as the lcngtb of two rails of 
the high side of a curve, with AB as one rail and BC 
as the other, with tbc jomt at B. It is plain, thcrcforc. 
that as a practical matter. the rail IX ran be moved 
without disturbmg the rail AB Therefore. consider 
that the Joint (01 station) C IS moved or thrown out- 
that is, away from the center of the curve-to tlic pomt 
D, so that the rail BC now occupies the position BD 
The new chord (or Ilne rcprescntmg the positton of the 
string) is now the lmc AD, and the new middle ordmatc 
is BE. In actual practice, the length BE IS so closely 
equal to MI3 (the oiigmal middle ordinate) less MF 
that the difference is negligible. But MF, from geome- 
try, is almost exactly one-half of CD, the amount of 
throw. This is because in the triangle ACD, M is the 
middle point of AC, and therefore AM is one-half of 
AC, so that MF is one-half of CD. Therefore, BE 
equals MB less MF; or, in words, the ordinate offer 
throwing equals the ordinate before throwing, less one- 
half of the throw. In the same way, it can be shown 
that the joint (or station) the other side of C (on the 
right) is similarly affected. Hence, an out throw at any 
joint increases the ordinate at the joint by the full 
amount (CD in the diagram) and decreases the ordi- 
nates at each of the joints on the two adjoining sides 
by one-half the amount of the throw Conversely, if the 
throw is in, the ordinate at the station thrown is de- 
creased by the full amount of the throw, and the ordi- 
nates at the stations on each side are increased by one- 
half the amount of the throw. 

From the above demonstration it is seen that the op- 
eration so described consists in the oddirion or snbfr~c- 
rion from the measured middle ordinate at a station of 
a certain quantity, known as the throw, and in the sub- 
frocfion or addition of half that amount to the ordinates 
at the two stations on either side of the one thrown 

A Simple Example 
For example, suppose that at any three consecutive 

stations or joints of a curve we have the followrng three 
ordinates: 

IS 24 18 

These indicate a typical sharp spot, which, of course, 
it is desired to ehminate by making all three as nearly 
equal as possible, and thus makmg a uniform curvature. 
We can “throw” the middle joint in by subtracting a 
certain amount and addmg half as much to the two fig- 
ures I8 on each side Note: It is obvious that the 24 
must be reduced and the two 18s increased, so that all 
three can be made equal. 

We can subtract 4 from 24, which will add 2 to both 
figures 18. We then have: 

.$ 
24 

-4 $ 
ii ii ii 

Thus, we have equalized all three ordinates and made 
this section of the curve a true circle, which is one of 
the purposes of ztrmg-lunng 

The process of lining a curve (on :i zlatr or a sheet 
of paper) consists in rep?tmg the above operation at 
every station, with certain modificattons as explained 
later. It is logical to conclude that from the simplicity 
of the above operation there must be some definite re- 

lntion Ilrtwecn crtor and cotrection; and, in fact, such 
lb the CAW. I Iowcvcr. it. IS not the Juupusc of this 
articlc to give a dcta~lctl mathrmntical analysis, but 
<mlpiy a set of working rules for the pcrformancc Of 
the tucchn~~~~al olrratioiis of strmg-hning 

In connection with the above rule, it shoul~l be noted 
that the throws at the 6rst and last stations of a curve 
must be zero If the first or last stations are thrown, 
the resultmg half-throws will be Imparted to the tangent 
or straight track, throwing rt out of almemcnt For 
rxamplc. if the first statton of a curve has an ordinate 
of 0, and we throw the track 2 (units of any kmd) out, 
the straight track at the left of the 0 wdl have a half- 
throw of -1, which will put a small kmk m it Conse- 
quently, we must correct the first station by throwing 
the second, making the throw such that the half-throw 
at the first station will correct it. 

*Relation Between Error and Throw 
If, at each station, we add all the errors to and in- 

cluding that station and write them down opposite their 
station numbers, we obtam a column which we can call 
the “Sum of Errors.” If now we obtain the sum of all 
of these from the first station to any given station, and 
write that sum opposite the following station, we obtain 
the half-throw required at that following station. 

Let us suppose a curve having 53 stations, opposite 
eacQ of which IS w{itten an actual and a revised ordi- 

6 

The Effect of Throw on Adjacent Stations 

nate, in two columns, and in the third column the dif- 
ferences, or errors, between the actual and the revised 
ordmate at each station Let us now put down opposite 
the first station the error at that station; opposite the 
second station, the sum of the first and the second 
errors; opposite the third station, the sum of the first 
three errors; and so on. untrl at station 53. we have the 
sum of the errors for the entire curve, which must, of 
course, equal zero. The addition of the errors is 
algebraic; that is, due regard IS taken of the sign of 
the error. For example, if the first error is (S), the 
second (-3), and third (-6). the sums of the errors at 
the first three stations are, m order (5) ; (5)+(-3)= 
(2) ; and (S)+(-3)+(-6)=(-4). It is, of course, not 
necessary to add all the errors every time, since the sum 
at any station IS obtamed directly by addmg to the sum 
of the errors at the previous station, the error at the sta- 
tion. For example, the above would be obtamed actu- 
ally as 5; S-3=(2) ; 2-6==(-4) ; etc., etc 

Having obtained the column headed sum of errors, 
we next add this column IO and includmg each station 
and bring the total mto the next column under the fol- 
lowing station. To illustrate (remembering that the 
throw at the first station is zero), we have for the above 
figures, the following half throws: 

Fmt 51atmn _. 
Second II L,lO” _. o+s = +i 
Thrd slarlon . . . . . . . . ..-. .“. - . . . . . . o+s+2 = +7 
Fourth s~atton . . . . . . . . . . . . . . . . . . . . O+S+Z& +J 

Once again, it is not necessary to add the figures from 
the first station on, since the same result is obtained 
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more easily by adding to the sum previously obtained 
the adjaceut hgurc in ~br next ran. For rxamplc: 

First statlou . . . . . . . . . . . . . . . . . . . . - 0 
sccolld 5111108 . . . . . ..-... .-.... . ..I. o+s 
Third stalwn ..__. _ . . . . . . . . . . . . . . . S+2 z 2: 
Fourth staGon . . . . . . . . . . . . . . . . . . . . 7-l = +3 

A rcsum6 of Ihc sbovc opcmtions may make the 
process clearer, Consider the following hypothetical 
curve : 

1 
s 
: : 
4 s 

1: : 
I I I I 

ia the titst column are the station numbers. 
In the second column are the middle ordinates of the 

actual curve, measured in the field as outlined in the 
second article. 

In the third column are the revised ordinates selected 
for the curve, in accordance with certain principles cx- 
plained later. 

In the fourth column are the errors, e, obtained as 
explained above. For instance, at station 3, 7-4==3 ; at 
station 5,4-8=-4; etc. 

In the fifth column are the sums of the errors to and 
including each station. These are obtained by writing 
down the error at the first station, and then at each 
station thereafter writing down the sum of the preced- 
ing figure and the figure on the next line in the column 
headed “Error.” Thus writing down 1 in the first sta- 
tion, we next add 1 and the 1 shown on line 2 as error 
st station 2. This makes 2. To this 2, we add the 3 
on the next line below, in the error column, making a 
total of 5. 

In the sixth column are the half-throws. To obtain 
these WC add horizontally instead of diagonally down- 
ward as we previously did to obtain the iurn oi the er- 
rors. Thus, q-1=1, at station 2, 1 plus the 2 at 
station 2, is carried as 3 and written under station 3; 
3 plus the 5, at station 3. is written as 8 at station 4, 
etc. The arrows indicate the direction of the additions 
and the position of the results. 

In this way a final half-throw is obtained at the last 
station. This half-throw must be zero, as we have seen 
above. However, because it is nearly impossible to pick 
the correct ordinates at the first trial, this half-throw 
will not generally be zero. and we must make it so. 

It can he shown that the sums of the products of the 
error at each station by that station number must be 
qua1 to zero. which is a condition that the curve is 
lined. That is. if at a given station the error (differ- 
ence between the actual and the revised ordinate) is -5, 
and the number of the station is 21, the product of these 
two quantities, is -105. The sums of all such products 
for the entire curve must equal zero as a condition that 
the curve is really lined. 

It can likewise be shown that the sum of all these 
products is ual lo the half-throw at the last station. 
whether that “x alf-throw iq ,ero or no1 This IAny: the 
case, it is immcc\c;\rrlv rvillcnt rhat If the hnnl MI- 
throw is not qua1 to zero. It can be made so by makmK 
qua1 to zero the sums of&e products above referred 
to. 

If we have a certain curve, of any number of stations, 

and we tint1 that the final half-throw iz not quaI to 
zero. but .cnuc such numlrr a~, say, .Ib. let u, consider 
a wa) oi changing that -K, to zero. 1st us 5:1y that the 
ordinrtc at the 5111 station is 23 on tlic oriKmnl curve 
and 25 on the rcviscd curve. The d~il~~crc~~ 13 -2; the 
product of -2 and the .statiou number. 5. IS -10 Now 
Ict us say that the ordinate at some othrr slatton. as the 
37th for m+nce, is 31 on the original curtc and 26 on 
the rcviscd curve. The error is +S; +S times 37= 
+185. 

If, now, we chauge the revised ordmate at station 5 
from 25 to 24, and that at station 37 from 26 to 27. WC 
have kept the total of the ordinates the same, for we 
have subtracted one at station 5 and added one at station 
37. But what effect has this had on the products of the 
error and station number? The error at station 5 is 
decreased from -2 to -1, making the product now -5 
instead of the previous -10; at station 37, the error is 
decreased from +5 to +4. making the product now 
19,. instead of the previous 185. Thus, while main- 
tammg the total of the ordinates of the revised curve 
the same. we have changed the total of the products 
from the first +175 (-10+185) to the second, 143 
(148-5) ; that is, we have decreased the final half- 
throw by an amount qua1 lo 175-143. or 32 This 
leaves the final half-throw now 14 (46 -32). The same 
process can now be repeated. the only difference this 
time being that the station numbers of the ordinates 
changed must be different. The readec will note that 
the net difference in the sums of the products, which 
amotints to 32, is ihe difference between the station 
numbers of the revised ordinates which were than ed* 
that 1~ 32=37--j. This will alway* bc the ca*e too,- 
squently. to diminish the final half-throw by the re- 
maining 14. we have but to choose two stations whose 
numbers differ by 14, and repeat the above process, 
with the assurance that the final half-throw will now be 
zero, and the curve will be lined. 

The rule for changing the final half-throw to zero 
can now be announced. It is: 

Whtn tht final half-throw ir positivt. subtract from 
tht rtitd ordinatts having high sta+or nuntbtrs and 
add an tqwd amount to tht ordinatts hat&q low sto- 
tion numbtrs. choosing stations in pairs such that tht 
sum of the difftrtncts of tht slotion numbtrs taken icr 
pairs tquaIs tht nttmrrical amount. of the @ral half- 
throw. Whtn the final half-throw is.negatiut. rtvtrst 
tht poccdtcws. subtracting from Jr ordiratts having 
low stotiot: numbtrs. and adding to those ho&g high 
station numbers. 

Thus, if we have a curve of 63 stations, wherein the 
final half-throw, obtained with a trial set of revised 
ordinate*, is 59. we could add 1 to the revised ordinate 
at station 6 and subtract I from the revised ordinate at 
station 48. thcrehy makmg a difference of 48-6 or 42. 
in the final half-throw. We could then repeat the proc- 
ess, choosing this time stations 8 and 25. whose differ- 
ence is If. which difference, added to the previously 
obtained 42. makes the total of 59 and reduces the tins1 
half-throw lo 0 

The reader will note that the only conditian attached 
to the above method of change is that the sum of tk 
differences of the station numbers nf the revised ordi- 
nates changed muzt equal the Cnal half-throw. The 
nprrator. tltrrcfnrc. ic u Mlv :tt liberty to choose the 
zlationc WIG h be will ~II~III:~ Thiv is a vnluahlt* prop- 
erly of the system-one which cannot be ovcr-empha- 
sized, as its understandinK enables the operator to 6 
tain a much better solution than he otherwise would be 
able to achieve. 

F-12 ,,,, )$ 
/ 
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Determining the Throw for a Curve*t 
The Explanation of the Steps Entering Into the Selection 

of the Ordinates for the Revision of Line 

I T IS a well known fact that a spiral or some other 
sort of easznient cucve is necessary to connect a 
circular curve with a tangent at each end. There are 

several reasons for this, chief of n*hich is the fact that 
if the spiral was not there, there would be a consider- 
able jolt as the tram passed from the straight track 
to the curve. 

Various forms of easement curves have been estab- 
lished and have enjoyed more or less extended usage. 
The two commonest forms of easement, however, are 
the Talbot spiral, and the cubic parabola. The mathe- 
matical properties of these two curves, Insofar as they 
concern string lining, are so nearly the same that they 
may be considered identical for the purposes and scope 
of this discussion. As is the case with th’6 circular 
curve, there is an analogy between the transit detlec- 
ttons, and the mlddle ordmates measured with a string. 
However, it is obvious that the ordmates at the several 
points of the spiral ~111 not all be equal, but will vary 
according to some rule or law. It can be demonstrated 
that the ordinates vary according to the law: 

l/6, 1, 2. 3, 4, 5, 6, 7, 8. 9, 10, etc., etc., where the 
ordinate at the point of splrrl is l/G. 

Since for all practical purposes the first ordmates 
and the second also are usually quite small the first 
ordinate in the above series can be written as 0 wlthout 
material error. Thus, in order to have a true spiral 
it is only necessary to vary the stringhne ordinates in 
a series whose terms are multiples of the natural num- 
bers in their proper order. 

In previous artlcles we have considered the 
methods of making the computations required to 
line a given curve; that is, we have established rule5 
for the mechanical operations which are absolutely 
the same for all curves, no matter what the degree of 
curve or how bad the alinement. The next question aris- 
ing is therefore: How shall the revised ordinates be 
selected so that the best solution for a given curve is 
obtained? \Ve have seen that, since the choice of 
the ordinates to be used for the revised curve is left 
absolutely to the discretion of the operator, there 
are several different solutions for any given curve. 
The problem is to pick the best one. This will 
depend largely upon 1, hat is meant by the term “best.” 

Depends on What Is Wanted 
If that solution is desired which will make the 

maximum necessary throw a required amount (which 
is by far the comnlonest case in actual practice), one 
line of work ‘will be followed. If it is desired to 
have a perfectly regular curve, or to eliminate certain 
branches of a compound cutve in order to make a 
simple curve, it will generally be ncce\sary to sacri- 
fice small throws and use large throws to accomplish 
the result; accordingly. a diffcrcnt method of attack 
must be followed. If it is required to install a spiral 
m an existing unspiraled curve, the line of procrtlure 
I\ again changed. 4s still another example. if it is 
required to install a Fpiral which c.m be operated by 
trains at a ccrtam fixed maximum speed (given by 
the railway timetable), the solution will be obtained 
in another manner. 

It miF;l!t be thought at first El.mcc that the lo&al 
method to u~c in hecinnmg to line a curve on paper 
wnnlrl hc* to tnl,e the. rAgin nrclin.ttrs .*\ mrn4urecl 
)n tbc 11v.111. pck cwt ,I .pir:ll to lit c*.lch 01~1 of the 
cllrvc. subtract the \um?r 0f the ordmatr~ u,c,l in 
these two spiral\ from the total of tbc ariKinal ordi- 
nates and divide the rcmainclcr by the ntnnber of 
ordinates remaining in the curve. For example, if 
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WC assume a curve of 50 stations, the total of original 
ordinates for which 15 9%. wc miKbt pick a spiral 
for the beginning end (say, for purpo’cs of this 
illustraticm, 0, 3, G, 9, 12, 15, 18, 21) and a spiral 
for the leaving end (say, a spiral such as 0, 4, 8, 12, 
16, 20). The sum of the ordinates in the lirst spiral IS 
3+6+9+12+15+18+21 which cquals 84; in 
the same way, the sum of the ordinates of the second 
spiral is (10. Thus, the sum of the ordmates for the 
two spirals is 84 + 60 which equals lsl. From our 
first princtples, we have the theorem that the sum 
of the ordinates of the revised curve must equaitti 
ram of the ordinates of the original curve. 
WC have as the sum of all the ordmates of the 
miscd cnrve poprr (that portion between the 
two spirals), a total of 978- 144 =834. But the 
brst spiral occupies 8 stations; the second occupies 6 ; 
10 that the two together occupy I4 stations. This leaves 
SO - 14 = 36 stations remaining for the circular curve 
it&f. Thus, we see that the total of the 36 stations 
must be 834. which gives us an average ordinate of 
834/36= 23.6/36. We could, then (other things being 
disregarded), obtain a correct total for the revised 
ordinates by using 30 ordinates of 23 and 6 ordinate6 
of 24= 6!Jo+ 144=834. 

May Require Exccraivc Throwing 
The foregoing procedure, while (as pointed out 

he), rppearing to a beginner as being more or less 
the logical thin 

% which can be o 
to do, does not as a rule g1ve.a curve 

tained from the existing curve without 
excessive throwing of the original curve. The reason. 
for this can scarcely be understood unless the theory 
of string lining is studied. 

Accordingly, we must seek another method. Actual 
acticc in lining curves on paper has revealed that the 

Ll method consists in trying a certain spiral and a 
certain average ordinate for the circular curve, and in 
watding the throws as the lining progresses. That is. 
given a set of figures representing a curve, the operator 
will sckct a spiral, write it down and figure the throws 
it entails as he puts it down. Then he will progress 
to the circular curve. picking a trial ordinate and com- 
puting the rquired throws as he goes along. Of course. 
the selection of the proper spiral will be rather a hard 
task for a beginner, but it will be found that for each 
curve there is only a very limited number of spirals 
which can be used without entailing prohlbitlve throws 
After having lined one or two curves, the operator WIII 
be able to see practically at a glance the spiral which 
best fits the curve. 

Procedure to Be Followed 
The ruder should, by this time, be prepared to 

follow the steps in the solution of an actual nu- 
merical curve, inasmuch as he shonld now bc familiar 
with the mechanical processes to be followed, once 
the rcvistd ordinates have been selected. Since the 
commonest case met is that wherein the operator 
attempts to ktcp the throws below a certain arbitrary 
limit, we shall first take IIP this case. 

In the curve in question, there are 43 stations. 
The chord length used was 66 ft. (length of two 
33-ft. rails), and the ordinates were measured in 
tenths of an inch, and recorded as whole numbers. 
each unit number shown rcprescntiny: one-tenth nf 
an inch. Thu%, the mthnatc IS at st>tum 10 rcprc- 
scntr an ordinate of an inch and :I half 

Let w assume that tbc limiting throw has been 
fixed at 6 in.‘in both diiections; that is. the actual 
carve may bc thrown either 6 in. in (toward the 

center of the curve) or h in nut (away from thr 
center of the curve). Since the tigurcs wc obtdui 
arc always exactly one-hnli 11~2 actual rcqiitted 
throws, we &all have the condition that our half- 
throws cannot cxcccd + or - 3 in. \Vrittcri 25 
tenths of an inch, this mennz that our larcc<t throws 
cannot be greater than + or - 30. 

The Effect of Changing an Ordinate 
An explanation of the actual cfiect of chnnglng an 

ordinate should be explained here. Suppose we have 
a curve wherein the ordmntc which seems to pre- 
dominate in our solution of the revisctl curve is 42 
If it appears, as we work along, that the throws arc 
going to run up too high in a positive direction. 

A Slate Wd! Be Found Convenient 

(Note One applying Ibis ntt.-lb,d of IminK curves wdl 
find it a great savmg of tune Id labor to write down 
the or~wral ordlmtcs on a s:. c which has been ruled 
oil l”lO hnes and colllm”s I hc work of makmc the 
changes ncccssary to the calculation of a curve IS of wch 
a charrcrer that ~rilsur~s rnus~ nccc\~r~ly be easv to wlkr 
The nvthor has found that a slate. ruled into $1~ vcrt~al 
rclumns (one cohnn each for A. fl. C, D. E. and F) and 
wth horlrontal hncs al mtcrval~ of about a quarter of an 
mch mrko on ~chmrahlc Iward upon which tn make lhr 
ncccssary chanjics and calculrt~ons The lmcs shauld bc 
GUI mto the slate wlh a knafc or other rhrrp III~~~IIIIIC”I. 
and staGon numbcrt should be scratched m wirh a pm 1 

which means that the revised ordinate is too small, 
we can easily change the ordinate to 43. IGthcr one 
(lr cevrral orflinatr\ can thtls I,e chnnCccl rrc- 
~p~rrllv il i\ nccc>hary tn c\uncc ~mlv one or iwo Iaf 
the Ainatc* to obt&i the pr<q”*r re~lUct8cui ui thrr3rv 
This procedure. in eflcct. is equivalent to compnunrl- 
ing the curve very lightly for a short distance. such 
a~ two or three rail Irngths. For a 66ft. chord, 
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changing the mitltllc ordin.ttc tmc-tenth of an mch 
changes the dcgrcc oi curvature 5 min. nut1 15 sx. 
In the case nbovc, tf WC ch;ut~ccl three 42s to 43% 
WC would bc cumpuuntling the curve from 3 deg., 
40 min. and 30 4cc. lo 3 deg., -!5 min. and 45 Xc., 
for a length of 99 ft. i\ctually, on tbc track, no 
change of curvatnrc would be app.trcnt. Hcrc, then, 
is one of the most valuable fcaturcs ol string-lining. 
By lightly compoundmg a curve for a short dlstancc, 
we can cut down the throws required to lint the 
curve, and yet not affcc: the rrdmg qualities ad- 
versely. This could not bc done with a transll 
except at great expense of time and labor. 

Wltb these pomts in mind, .c I t us glance at the 
following curve. 

On the slate the following notation has been used 
for brevity : 

A is the station number of any statton 
B is the origmal ordmate at each station. 
C is the rtvlsed ordinate at each statnon 
D is the error or rtcticrcnce. B mmus C, at each slation 
E is the sum of the errors. to and Including each slatIon 
F is the half-throw at each station. 

Strtidn OrIginal Strtlon Orlginrl 
NW&’ Or~;;tt Number Or&ate 

: ! 

‘2 
‘I? 

3 i 
% ti 

2 1: 
E :i 
28 32 

ii 16 8 2 28 
E i3 43 0 

Selection of Initial Spiral 
Let us, first of all. consider the spiral which best fits 

the entering end of the curve. The first step is to make 
a mental note of the point where the spiral appears to 
end, and of what the average ordinate for the entire 
curve seems to be. It is evldcnt immediately that the 
s ‘ml must start at Station 1, and must end either at 
5 tatron 6 or Station 7. Inspection of the ordinates of 
the original curve shows that the average ordinate for 
the revlscd curve will have to be approximately 20, or 
close to 20. either one way or the other. 

If we try a spiral with a factor of 4. we shall have as 
the revised ordinates, 0, 4, 8, 12. 16. 20. Let us try this 
and see what the consequent throws will lx at the point 
where the spiral ends and the circular curve begins. 

D&ff;iR~ne %rz; 

Oriamal to and 
Station Original Revised & HevIsed Includmg Half 
Number Ordmalc Ordmrk Ordmates Stanon Throw 

y, (;I $’ (iI (:I $) 

: : t -I i i 0 1 
4 

16 z 20 t f 

-3 -2 I 

: :: -II -II-l =I5 

The throw at the first station must be zero, ozll 
curves, for the reason explained above. Accordingly, 

WC write 0 at the first station, and proceed to compute 
tbC throw at the second station At St:ltlon 2, the ong- 
inal ortlui;~rc 1s 5 and the revised ordinritc Is 4, wlucll 
ulakrs the tllficrcncc, U, rqual to +I. Since the errur at 
the first station was 0, the sum of the errors to anJ 
including Sl.ulon 1 is 0, and to and includmg Station 2 
IS 0+1-l. Tbc throw at Statton 2 is obtamcd by add- 
mg to the throw at Station 1 the sum oi the errors m the 
opposltc column. That IS, O+O=O. and tin> ,ccond 
zero is brought doHn m the throw column as the throw 
at Station 2. In this same way, the tbro\\ at 5tation 3 
is obtained by adding to the 0 in the throw column at 
Station 2 the 1 m the sum of errors column at Station 
2 and bringing the sum down in the throw column at 
Station 3. 

Continuing in this fashion we arrive at a half-throw 
of -26 at Station 6. This means that the iull throw 
at Station 6 is -5.2 in., which is nearly the limiting 
throw hxed at the outset. Consequently, we look at 
the next station to see what is going to happen there, 
and to see if the throw is going to run over our limit. 
The revised prdinate of 20 at Station 7 will QVC us an 
;;o’,at Statlo? 7 of 34-20, or +14. This +14, added 

-14 wluch was the sum of the errors to and in- 
cluding Station 6, reduces the rdrn of errors to 0. thus 
making the throw at Station 8 the same as at Station 7. 
Accordingly, we shall try the revised ordinate oi 20 for 
a few stations and see if it is suitable 

D;afft;k: Sum of 
Errors 

Ol-igh31 to and 
Station Or~ginrl Revised &Revised Inc-tcf;;g Half 
Number Ordmate Ordmatc Ordmrter Throw 

‘A) ‘E) ‘&) 
‘% 

‘“J (F) 
-26 

It is evident, from the --38 at Station 11, that we 
have exceeded our limiting half-throw of 30 Sow, we 
can change the half-throws and bring them withm the 
assigned limits in several ways. For example, we have 
the choice either of changing the spiral in such a way 
as to reduce the negative throws, or we can change the 
ordinates of 20, making some or all of them. since so 
far there are onlv a few, 
method first. We’have 

19. Let us try this latter 

nhE;;E ylo~f 

Original to and 
Smtlon Or~gmal Revised &Revised Inctcb;g Half 
Numbtr Ordmatc Ordmatr Ordinates Throw 

(A; ‘&) 
‘2 ‘2 

‘El (F) 

a 23 

IX i: 
1; -: -2 

zf’: 
-20 

19 -4 -6 
zg 

We have, then, by changing the revised ordinate from 
20 to 19, reduced the negative throws until they are less 
than the assigned limit. However, the last throw, at 
Station 11, is so close to -30 that we should examine 
the next one or two stations to see whether there is a 
possibility that the throws wdl exceed -30 WC see 
that at the next station the original ordinate is 25, which 
gives as the error $6, thus making the sum of the 
errors at Station 11 equal lo zero Consequently, the 
throw at St.lturn 12 ~111 IIC --28-(-O----28 Now rxam- 
*nc IlK f~,llll\Vill~ \I.1111111 \Vc ,(*c lhnt 11~ t rrljr wll 
be +I, thus making the sum of errors equal I ; the 
throw at Station I3 will then be -27. However, at 
Station 13. the original ordinate is only 13, making the 
error -6, which wtll make the sum of errors at Sta- 
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~IOU 13---S, and tbc throw at Station 1J =. -32. The 
work is as follows: 

KC\ lrcd 
Ordinate 

‘,“d -_ ix 
19 

Half 
Throw 

(F) 

2 
-32 
-37 

Here, again, we have over run Let us, tbcrefore, try 
the method of rcducmg the spiral. Try a 0, 3, 6, 9, 12, 
15, 18, (and, if necessary, 20 as an approximate final 
term) spiral. The work is as follows: 

DE;ey”e pr;o.; 

3 
4 : 8 3 : 

It is immediately evident as soon as this point 1s 
reached that, with such a spiral, the throws will far 
exceed the assigned limit in the positive direction. Ac- 
cordingly, we have now the information that a spiral of 
factor 4 is too large and a spiral of factor 3 is too small 
It is obvious, therefore, that some spiral in between 
these two figures must be used to obtain good results. 
Any fractional multiplier can be used to obtain a spiral ; 
but, since fractional ordinates are not used, we must 
add or drop the fractional part of the units in writing 
down the spiral. For example, a spiral of factor Z/3 
would, theoretically, be as follows: 

0. Z/3, 1 l/J. 2, 2 2/J. 3 l/3. 4. l tc 
But, in order to have whole numbers, we may write 

this spiral in a number of different ways, choosing for 
our use that one which best fits the curve upon which 
we may be working at the time. Thus, we may write 

0. 1, I. 2. 3, 3, 4, CIC. 
If we choose a spiral of factor such as 4% we may 

write either of the followinK: 
(a) 0. 4, 9. 13. 16, 22. 27. 31. 36. erc. 
(b) 0, 5, 9, 14, 16. 23. 27, 32. 36. etc. 

In (a), the halves are dropped, and only the lower 
numbers used, while in (b) the halves are added to 
those figures in which they occur. Either of these may 
be called, with equal accuracy, a spiral of factor 4%- 
of, more simply, a 4% spiral. 

In the curve with which we are dealing, it was cvi- 
dent, from the above calculations, that the 4 spiral was 
better suited to the curve than the 3 spiral, since the 
aum of the errors did not increase as rapidly. Let us, 
therefore. try a 3% spiral, adding the halves, as fol- 
lows : 

4 4, 7, 11. 14. 18. etc. 
We have the following : 

Dct=y Sqm of 
Errors 

i ri -1 -i 

Half 
Throw 

(F) 

8 

: 

a 23 20 
9 

25 :; fz 20 

-i 9 -i 
1 

I -: -4 1 -I 3 

f3 20 ii -3 0 

14 :“9 20 -1 -4 
-12 

So far, the spiral and average ordinate picked out 
seem to fit the curve quite well. WC shall go on with 
the same average ordmate, compullng the throws as we 
proceed. 

“g-‘. p;$f 
OrigInal to and 

Station Orlgmal Revised &Rev~sed Includmg Half 
Number Ordmate Ordmare Ordmates Sutton Throw 

(A 

ii 

‘2) ‘&’ ‘De’ ‘E1’ WI 
-12 

sii ii : 
6 -11 

-5 

tX 2 E -2 
2 
14 +2; 

41 

The Throw Is Excessive 

At this point, we exceed the limiting throw m rhe 
positive direction. Since the first part of the curve fits 
so well, let us attempt to leave this part of the curve 
alone, and try to change the revised ordinates m such 
maqner as to bring the 41 below 30. Let us change a 
few of the ordinates of 20 to 21, starting at some such 
place as Station 14 Try two ordinates of 21, at Sta- 
tions 14 and 15, after which again change back to 20 
We have 

D;tl’,“oe pryo;; 

Oligid m and 
Statloo Orlgmrl Revised &Revised lncludmg Half 
Number Or mte Ordmare Ordrnates Statton 

‘?j & ‘2’ 
Throw 

09 

ifi 

LDj 
I5 

% : 
x’: 

(F) 

11; 

I! 
4 -14 

28 20 8 -10 

tt 2 
!! 

-2 
:; 
12 +lf 

: 
i 

-12 30 

ii 
z 

-7 -07 
-10 

ii ii 
1; -13 9 

;: 
+14 0 

i: 
20 

it z 
z: 

-: 1 

:i 
I*“, -4 

26 20 -3 -6 
-32 

Here, again, we over run We shall try changing 
some of the 20s back to 19s. startinE with Station 24 
(selected at random, as were the othegs) It IS evident, 
by an inspection of the rate at which the column headed 
sum of errors is changmg that we shall need three or 
four 19s to reduce the negative throw properly For 
WC are carrying a negative total of -6 in the sum of 
errors column. If the reader will observe the following 
original ordinates. he will see at once that there is an 
18, a 20, another 20, hefore the ordinate 33 is reached at 
Station 32. Thus, if we have a negative throw when 
entering this group, and our sum of errors is negative, 
WC shall keep on nddinq to the negative throw, with 
an Amost un~lun~n~shr~l ~I,I.II error. masmuch as the 
three ordin.ctcs mcnlloncd are all close to the nver;lgc 
of the revised curve and wdl not materially afiect the 
total of the sum of errors. 

Inserting four 19s. Station 24 to 27, inclusive, we 
have the following: 

F-16 
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San1 of 
Jhorr 
IO and 

J;t;:‘d;E Half 
ThWW 

w (F) 
-13 13 

2 
-4 s 

-14 -t 

If 1:; 
-4 -22 
-4 -26 

x =E 
-4 -19 

ii -23 -16 
6 -7 
3 -1 

2 

2 s 
43 0 

The End of the Curve 
At this point, It is tlmc for us to consider the proper 

spiral for the leavmg end of the curve. We have 
reached the pomt Nhere the circular curve abviously 
ends, and the spiral begms. \Ve are carrying at this 
point only a very small throw and also a very small sum 
of errors, so that the total of the ordinates for our 
spiral still need to be almost the same as for the actual 
curve. Strictly speaking, it 1s esactly the total of the 
remaining ordinates of the origmal curve plus the sum 
of the errors at our last station; that is, plus 3. Let us 
try a spiral such as 0, 5, 11, 16, 21 This wdl necessi- 
tate the changing of the last shown 20 to a 21, but that 
will not require much additional labor Strxtly speak- 
ing, the above spiral should read, 0. 5, 11, 16. 22 (such 
that the differences between the ordinates, taken two at 
a time, will read, 5, 6, 5, 6) ; but such a true spiral 
would necessitate the installanon of an ordinate of 22, 
which appears nowhere alse in the curve, although not 
objectionable from the standpomt of actual track lay- 
out. This spiral, then gives us 

D&ffe;;s:; Sum of 
Errors 

Original to and 
Station OriglnaJ Rcvned L HevIsed Jncluding Half 
Number Ordinate Ordinate Ordmates Station Throw 

(A) (B) u3 CD) W (‘3 
3s 17 21 -4 2 
ii 16 :: 0 i 

-1 
+i 

3 
-7 -5 

1: : 3 2 
2 3 -4 

43 0 0 0 0 -4 

We have reached the end, and the total of the sum 
of errors column is 7ero. which proves that the total 
of the rev&d ordinates IS the same as the total of the 
original ordinates. \%c have, ho\\evcr, a residual half- 
throw of 4, mstead of the zero \\hlch is required as 
a condition that the curve IS fully lined 
for us to change this -4 to 0 

It IS necessary 
Remembering the rule 

given m the previous article. that when the residual 
half-throw at the end of the curve IS ~~cqofivr, we suh- 
tract from the ordinates near the top of the curvc.(those 
havinl: low station nun&x\\ and ntld tn thoce nrnrcr 
the bottom of thr cul VI’. III wt II tn.1wcr that the rl~licr- 
ence hctwcen the Stanton nund~~ rs of the ortlm.ltcb 
changed, when multiplie :+ hy the number of urntb 
change, equals the final residual half-throw. Applying 
this rule to the 4, we see that we must subtract one 

from a station somewhcrc, and add one to a station 
four stations ncarcr the bottom of tlie page. We are 
cnl:rcly at hbcltv IO pick any two ordmatrs four sta- 
tions apart; hut if the reader will cxammc the curve. he 
will see that if we add to St.ltion 27 and subtract from 
Station 23, we shall not introduce any more 21s or any 
18s into the curve, as we would do if WC picked up 
almost any other stations. Consequently, we shall sub- 
tract one from the ordinate at Station 23. and add one 
to that at Station 27. We then bavc the followmg: 

Dg,eren; 
w 

Origmal 
k Hcvlccd 
Ordlnatcr 

(D) 
-2 

2; 
-6 
-10 

12 
-2 

0 
0 

-‘: 
-6 

11 

-: 
-4 

-3 

s 
0 

Hali 
Thro\\ 

(‘9 
13 

1 

d 

-‘I 

z:; 

1% 
-17 
-15 
-J9 
-12 
-3 

: 
7 

f 
0 

The final residual half-throw is now zero, and the 
entire curve is lined. The predominating ordinate of 
the revised curve is 20, with but very few variations 
therefrom. But the reader will doubtless see, by this 
time, just what a saving in throw was effected by the 
insertion of the two ordinates 21 instead of 20s at Sta- 
tions 14 and 15, and by the four ordinates of 19 at Sta- 
tions 23 to 26, inclusive. Such a slight compounding 
could not possibly have been ohtamed by the use of a 
transit, for, with the instrument, it would have been 
necessary to install a curve of 1 deg. and 45 min. for a 
portion of the curve, and then to have compounded the 
remainder to something like 1 deg. and 30 min. 

Requires Less Throwing 

In other words, the same effect is secured with less 
throwing of the actual track by means of string linmg 
than bj using-an instrument. When we add to this 
saving in throw the greater smoothness and regularity 
of line obtained by having a sta’te at every joint in place 
of every 50 or 100 ft., we begin to realize the true 
value of the method. Every one who is famihar with 
practical track work knows that if a curve is out of 
true almemcnt-that is. If it has numerous sharp and 
flat places-the track foreman will put m too much 
superelevation through the flat places of the curve and 
too little superclcvatlon through the sharp places in 
order to secure a cnrve which “looks well” to his eye. 
The result is, naturally, rough riding track or even un- 
zafc track. If a curve is re-alined by means of a 
transit, and stakes set every 50 or 100 ft. (as is cus- 
tomary), the foreman who lines rhc track is ahnost cer- 
tain to have nnmhrrs of sharp and flnt plarc~ h,*twcen 
~hr st.:kcs. It IS C~UIIC true 11121 thc*.c J~lxcs will he 50 
211&lly on1 of lme at lirst lhat lhcir prc5ence can 
scarcely he detcctcd by the eye ; hut it is equally certain 
that these defects become greatly aggravated as time 
passes and the effects of high-speed trains are felt. 

/?-?I F-17 
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Determining the Throw for a Curve*T 
Explanation of the Steps Entering )I . 
into the Selection of the Ordinates {t, -.P $ b 
for the Revision of the Alincment . ! 

219t, h , * , ,.a- 

Part 2 

I F THE throws required to line a given c “.’ 
Curve are not excessive, or if it appears b 

~. 3.‘.*j 
*-’ , -, A> rr-rjw 

that, for reasons of its own. a railroad 
.ioes not wish to limit the amount of throw- 

l v,0 / *- + 

ing of the actual track, it is usually advisable 4 
to attempt to obtain a perfectly regular curve 
If we take the curve used in the previous 
article, we shall see the method of applymg the 17 28 
principles in order to obtain a curve which is regular 
throughout, without even the slight varlatlons which 

1: fi 

characterized the solutron described in the May issue 
In additia to this WC shall be able to find out lust 

5 
a 

1: 
how much it would have been necessary ta throw 
the track to obtain that regular curve and, there- ii ii 
fore, what the amount of the throw would have been 

zs 
t; 

if the work had been done with a transit instead of 2’: 
with a string. : 

IA us assume for the purpose of this illustration z ia 
that we carry straight through to the end of the :: 2 
curve the spiral 0, 4, 7, II, 14. and 18, with the avcr- 33 
age revised ordinate of 20; that is, continue the curve 2 
which w2s started in the article in the May issue, :: 
Page 214, and then abandoned because the half- 

; 
ii 

throws ran above the assigned limit at Station 19. _ _ . . . ?z 17 
me. _ ,. 

14 

1: 

2 
Ta 
-11 

3 
1 

z 

1: 
-6 
-6 

i 
-6 

: 
4 
1 

zd 
1;: 
1;: 
-20 
-15 
-a 

1 
We have the tollowmg: 3 ii iii 

-a 

Dj&e zr~o;; 40 
ii 

IO -A 
i -j 

Original to and 41 

Statioa Original Revered and Revised In$IF”g 42 Half 43 % 
i 1 

x: 

Number Ordinate Ordlmle Ordinates Throw 0 0 : 
1: 
-S 

(4 m (Cl (D) 03 (F) In the column headed sum of errors, we have a 
1 

f 
0 0 0 total of +I, which means that the total of the origi- 

i 7. ‘: 
I 

1 
I: nal ordinates is greater than the total of the revised 

:: 90 i: 
-8 -1 : ordinates by 1. In the half-throw column, we have 

z: -ij -4 
a residual half-throw-of -5. WC must correct the 

f 
16 10 column headed sum of errors first, in order to sim- 

iI! 2 
I4 -13 

: 20 P 
-7 

plify the calculations. This can easily be done by 

E 
making the last ordinate of 20 a 21. We then have 

2s 2 
1; -4 32 

S I --I 
D;X;ce:e ;;:I;; 

m M 0 I n Orieinal to and 
Half- 

Number Ordlnatc Ordinate Ordinates Satton- Throw 
w (W CC) K’) (E) (F) 

ii 
17 21 -4 0 
16 15 I z: 

40 
41 : ‘! 

-A 
3 z: r: 

42 
43 f ii ii 00 

-10 
-IO 

\\‘r cnn now crbrrrct the rr*idual half-thr<!rv to 
~cn) by pu kinc anv ltio r~rrllll.Ltc5 wh~)~ \tatccm 
numlxrs cllllcr by ten, bub4tr.lCImg unity from the 
one having the lower \tatinn number and adding 
unity to the one havmg the higher station number, 
in accordance with the rule that when the final half- 
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throw is negative WC add 111 the ordin.ttcs nc.tr the 
bottom of the l~gc and snbtract Itom tho<c neat 
the top of the page. In ortlcr to I c~lncc tbc work 
of making the chnngc. Ict II~ pick the orclrnttcs as 
close to the bottom a, we can convcntcntly. IVC 
shall select, then the two ordtnrtcs at Stattons 29 
and 39, adding to the one .tt 39 and substractmg 
from the one at 29 WC have 

D~flercnce Su~n of 
Bct\vvccn Errors 
Orvyml to and 

Station (ir~amal Revned and Revrscd ln$;,lrnng Half 
Number Ordmate Ordmatc Ordrnates Throw 
w (B) (Cl (D) (0 (F) 

z 
18 19 -1 

ii 
si 

0 1: 

ii 
0 --5 :,i 

20 
-‘: 

a 48 

ii 
13 
14 ii 

-10 
-6 4 

ii 
ii 20 11 

s 
q t: 

2 -5 
-a 

:: 
0 

38 21 -4 1 

2 
16 
4 it -: -: 

2 

41 
42 i! i : 

-2 2’ 

43 0 0 0 : x 

The curve is now lured In order to avoid making 
any more 21s out of the 205, and because the 20 at 
Station 38 had prevtously been changed to 21. thus 
making it advisable to increase one of the or.dtnates 
of the spiral to keep the change between ordrnates 
in keeping with that between other terms of the 
spiral, we increased the 15 of the sptral to a 16. .Q 
the station number of this ordrnate was 39, we were 
compelled to pick Station 29 for the other statron 
whose ordinate wa< to be changed 

An Important Point 
In connection with the method of changrng the 

final half-throw back to zero, the reader wtll note, if 
he examines the method closely, that at each suc- 
ceeding station after the onr u hereat the first change 
was made, the half-throw is less by the dtfference in 
station numbers from the pornt of change than rt 
was for the curve which had the restdual half-throw 
This is true for any curve, whether it is lined or 
not. That 1s. rf we have a curve whtch IS, say, half- 
finished,*and we find that a certain group of throws 
is exceeding the destrcd Itmrt. we can arbrtrarrly de- 
crease that half-throw by any grven amount <Imply 
by changing one or two of the ordrnates a grven drs- 
tance ahead of the pornt where the half-throw is too 
large. To tllustrate: 

Suppose that we have reached the 49th station of 
a curve, with a half-throw of -71, which is too hrgh 
to suit our purposes: we wash to change that half- 
throw so as to brtng It to some such figure as -41 
In order to do this, we have only to go back 30 sta- 
tions to Station 19, and decrease the rcvrred ordinate 
at that station by untty. This, also, is a valuable 
asset of the method 

Another valuable application of this same princi- 
ple can be made when the column hcadcd sum of 
errors, and the column of half-throws have the same 
sign at the last station. Snpposc that we arrive at 
the last statinn with a sum nf errors equal to -I 1. 
and a final rr<rtlunl half-throw of ‘16 \vc CX” tllvldt~ 
46 by 3, whrch grvc4 ns 2 units of 15 and one of 16 
By increasing the ordina’cs by 2 at Station 15 hack 
of the last station and by 1 at Station 16 back of the 
last station we make both columns equal to zero at 

tllr end , and the cnrvc is Irnc~l. To make this a 
trillr clcucr, Irt nh suppose that the numbrr ctf the 
last station 1% 53, tlirn by addtng 2 units to the rc- 
vi5rtl ortlinatc .rt Station 38 (S3-15) and 1 unrt at 
St.rtmn 37 (S.? -lb), WC mnkc the two col~nnn~ re- 
fcrrctl to come out Lcro. Of course, the same prmcr- 
plc applies if ths sign of the last two columns is 
negative. 

It will be noted by refcrcncc to the curve ju\t lmed 
that the maximum throws are now $41 and -21; 
the rncrcase i< small (over the first solutron), and is 
not really indrcattvc of the saving in throw whtch 
can gcncrally IIC accomplished by the chnngrng of a 
few of the ortlmatcs by one or two This can bc 
more clearly rcaltzcd. perhaps, if one constders that, 
for example, hy changing by unity the tenth ordinate 
of a curve 93 stations long, a change of 83 in the 
fnal half-throw is effected 

Method of Compounding a Curve 
In the following curve IS demonstrated the method 

of changing the revised ordinates, and thus com- 
poundmg the curve. It is usually convenient, and 
is a means of effectmg a real saving in throw, to 
spiral between the two branches of the compound 
As this IS done merely by inserting a series between 
the branches, and as the operation is equally as sim- 
ple as putting tn all ordinates equal. one realizes al- 
most rmmedrately wrth what ease the operation can 
be performed The task of realining a compound 
curve with an Instrument (a transit) and at the same 

Id0 

IW 

/rn 

no 

co 

M 

20 

Chart of the Ordinates of a Compound Curve 

time mstallrng two sprrals at each end and a sptral 
between the branches of the compound Curves is one 
of great magnttude, as wrll be apprectated by anyone 
who has ever undertaken the task of domg this on 
an actual curve. 

It might be well to state here that the track super- 
vrsor under whose )urisdrctton thts curve was, was 
cntircly willing to throw the curve the large amounts 
rcqnrred to tnstall the revtscd curve HIS reasons for 
so domg will doubtless bc fully appreciated if the 
render WIII glance at the accompanyrng graph of the 
or:gmal ordlnntes. It may truthfully be satd that 
thrs cnrve can bc constdered as a “horrtble example” 
of all that a good curve should not be, before It was 
realmed After the realrnrng, whtch was made ICSS 
troublesome than It would othcrwrse have been by 
the fact that the curve was relaid with new rail at 
the same time that the throws wcrc made, this curve 
rndc well 

III lhc cne k:lv<n l~clnw, the nnlc,nnt of change 
l~clwccn the two br.cnchez of the conlpound wdb c,rrly 
10 unrts, or 52 5 min. A very short spiral (0, 5, 10) 
wa\ mcertcd, which s&ices amply to effect the 
change. In general it may be said that the type and 
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length q&f the spiral hrturcn the hranchcs of the 
curve* is d~tcrmincd hy the clfcct of the difIcrcnt 
pcrmissiblc spirals on the half-throws. 

In compauuding a curve the exact place at which 
to chnngc the rcviscd ordinate will always have to 
be dctrrmrncd by trial. This will not rcquirc more 
than two trtals, as a rule, tf the point first sclectcd 15 
anywhere close to the true point of compound. 

rx~mc Sllrn of 
Errors 

Oripinal to and 
Station Orrr+al Revised and Rcvrsed Including Half 
I$kr C$t;,,te Orrmale Otr~iates Stauon 

%T 
1 11 -37 -27 31 

Now. Ordntatc of 11 unrts at Stnuon 1 because Sta- 
tion 1 IS at pornt of reverse curve, the next statron on the 
other side bcrng on the reverse curve. 

Spirals for Operation at a Fixed Speed 
In order to install a spiral which can be run over 

by trains operating at a certain schedule speed, it 
is necessary to find a relation bctwccn the sptral 
raics and that speed. It can be proved that such 
a relation can be readily derived. The relation IS 
based on the results of tests made by the American 
Railway Enginccrmg Association, as given in its bul- 
letin No. 108 for February, 1911. In this bulletin 
it is stated that the maximum rate at which supcr- 
elevation can bc attained wtthout discnmfort to pas- 
rcngcrs is about 1 l/6 in. per second. From this fact, 
WC derive a relation to the cffcct that thr operating 
sped of a 5trmg linrng spiral. n-r mrlcs per hour, i5 
given by 

where V is the velocity in miles per hour and F is 

,.I--- \ 

the factor of the string lining 5lnral to hc ukc’d Thi 
relation may lx more coiivcnrcntly writtcri 35 

F=432,975/V’ or. acc~atcly enough. 
F=433,000/V’ 

Suppose, for example, that it is rcquircd to mstal 
a spiral \\hich cdn bc opcratcd by trains running at : 
hscd maximuur schedule speed of 50 mtlcs per hour 
Substitutmg 50 for V in the above equation, WC have 
F=433,ooO/125.COO~3.464. ‘IYius, for such 3 case i 
3 5 spiral can be used-either of the two followtng 

Is) 0. 3. 7. 10. 14. 17. 21. 24, 28, etc. or 
(b) 0. 4, 7, II. 14. 18, 21. 25. 28. etc. 

Having written this spiral down on the slate upon 
which have been transcribed the ordinates of the 
actual curve, we proceed to line the actual curve ar 
was done in the foregoing cases, correctmg the re. 
vised ordinates and making them the proper value 

Discussion of the Spiral 
A word should be said here about the properties 

of the strmg luring spiral. It can be defimtely shown 
that, for a given ctrcular curve, and a given speed. 
there IS only one transit spiral whrch can be used 
m realining a track. If other sptrals are tried, one 
must of necessity change the degree of the circular 
curve slightly, or else change the direction of the 
tangent track Irnc. or (as is most frequently done) 
compound the circular curve a short drstance ahead 
of the point of spiral to curve 

T&C same thing uan be done with the string line 
spiral, and is done, as we saw in limng the curve 
shown in the preceding artxle. Moreover. the 
variety of sptrals which can be used in string Irrung 
far exceeds that which is available in transit lining, 
because of the fact that a change of only one ordinate 
of a revised curve in effect makes that revised curve 
an entirely different curve than if the change had 
not been made. and, inasmuch as in most curves 
upon which string lining computations are made 
there. arc numbers of such changes, no matter how 
slight or how short (in length), a number of different 
spirals is admissible; a fact whrch may at first seem 
contradictory of actual conditions. 

For the same reason, different spirals can be used 
on the two ends of the same revised ctrcular curve: 
in fact, the operator will generally find It a mean5 
of effecting a considerable saving in throw to use 
different spirals on the two ends, because of the con- 
dition of the actual track. This brings up the ques- 
tion of the relation of spirals tn the circular curve, 
to the track in general, to traffic and the direction 
of preponderance of traffic, and to the grade line. 

Relation of Spit-ala to Grade Lines and to 
Direction of Traffic 

On double or multiple track roads it wdl almost 
always bc found that the spiral on the entering end 
of the curve-that is, at the north end of a south- 
bound track, ctc -is appreciably longer than the 
spiral on the leaving end. This is as might be ex- 
pected, if one analyzes the causes for such a condi- 
tion Consequently, it is gencrally the case that the 
spiral on the entering end of the revised curve must 
be longer than the spiral on the Icaving end. This 
means that the fartnr of the \ljir:tl on tlris end must 
he lower than the factor of the spiral on the other 
end. 

Because of the ease with which it is possible to 
line a curve on paper by this method, it is practicable 
to take into account the grade line in conjunctinn 

F-20 
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with rcalining cur\cb This is a feature of rc- 
alining to which pr.rctically no attention is ever paid, 
but which merits c~~n4cration brc,~u~ of its m- 
flucnce on the riding cfualrtics of the curve and cvcn 
on the safety of the curve. 

For example, if a curve happcnc to be situated so 
that the leaving end is at or near the point of inter- 
section of an ascendmr nradc with a level nrade or 

0 0 ~-- 

a descending grade (in other words, if the grade lint 
armears in the form of an inverted V). it is practical 
to-make the spiral to the curve at t&t end shorter 
and sharper than it would otherwise he The train 
loses a great deal of its momentum and speed by the 
time it has reached the top of the grade (especially 
on ruling and maximum grades), which makes the 
value of V less in the formula arven above and 
consequently, makes for a higher-value of F. the 
spiral factor. On the other hand, when a dcscend- 
i& erade meets another descending grade or a level 
grid> (such that the grade line appears as an upright 
letter V) a long spiral is desirable. This is especially 
true if the grae-line (on the descending grade) is 
such that the locomotive engineman will apply his train 
brakes, because a short spiral on the leaving end of 
such a grade, combined with the higher super- 
elevation required by such a shorter and sharper 

\lr.iral, tends to emphasize the tendency of the train 
to “ride” the low rarl to an undesirable or even unsafe 
amount This may or may not result in a dcrail- 
ment but is practically certain to result in throwrng 
the spiral out of line and making for gcncrally bad 
alinement throughout that entire portion of the 
curve. 

Start at Entering End 
In connection with the making of some spirals 

longer than others it has bccri the author’s experi- 
ence that rt is quite easy to make a long spiral on 
that end of the curve upon which calculations are 
first begun, but more difficult on the other end. 
Consequently, it is usually a good prncticc to start 
lining (on paper, of course) all curves from the 
entermg end of the curve, or ruilh the direction of 
traffic. In this way, the proper spiral is secured 
almost automatically. In order to do this the ordi- 
nates of the origmal curve should preferably be taken 
in the field with this end in view, so that they will 
not have to be written backwards when they are put 
on the slate. This will obviate any confusion which 
might arise as to which end of the curve is which, 
and whether the throws are written opposrte the 
right stations or whether they have been wrongly 
written opposite the stations in reverse order. 
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Setting the Staltes- 
the Last Stepit 

Practical Suggestions for Placing Murk-s 
to Indicate the Amount of the 

Throw Preliminary to 
Lining the Curve 

I 
N THE previous articles of this series themethod 
of measuring the actual curve and the means of 

making detailed corrections in the alinement.of the 
curve have been set forth. After these steps have 
been completed it is necessary, in every case, to set 
some sort of stakes or marks to indicate the location 
and amount of all corrections. It might be thought 
that it would be sufficient merely to start in and 
throw the curve at each string-lining station by the 
amount indicated on the slate; but such is not the 
case. It will be remembered that if any point on a 
curve is thrown either out or in, the adjacent points 
on either side move half as much in the opposite 
direction. Hence, after one station of a curve has 
been corrected, the original ordinate at the next one 
haa been changed, and it is not suficicntly accurate 
to measure the correction from the new position of 
the rril. 

Another argument in favor of setting stakes is 
&at the actual work of n-alining the curve can be 
done at any time after the stakes have been set. It 
ia quite apparent that every piece of track i: subject 
to slight movements from day to day; but If stakes 
are set socm after the ori ‘nal measurements have 

F &en taken the amount o such movement is not 
enough to render the results untrustworthy. H?w- 
ever, if no stakes are set, and the work of making 
the detailed corrections is allowed to be deferred until 
several months have elapsed, it is highly probable 
that the movement of the track will have been 
sufficient to render the results useless. 

The Location of the Staka 
It is customary to set stakes opposite every string- 

lining station. There are some permissible excep- 

tions to this rule, and these are discussed in further 
detail below. The particular place in which the mark 
is to be placed opposite the string-lining station is 
to sbme extent at the option of the individual. Stakes 
can be set at almost any convenient distance from 
the gage line (H in below the top of the ball of the 
rail) of the high rail. However, of the different pas- 
sible distances, only two have found much favor with 
track men. These arc distances of one foot and of 
half the gage, respectively, from the correct or re- 
vised gage line of the high rail. Because of the facr 
that the setting of stakes for the center of the revised 
curve permits the roadmaster or supervisor to see 
at a glance the approximate distance that the track 
is to be shifted at each joint or station and because 
of the further fact that most railway engineering 
work uses the center line of track as the base line, 
and for numerous other reasons, the author is con- 
vinced that it is highly desirable to set all stakes so 
that they will represent the center line of the curve 
affer it has been thrown. 

In order to do this, it is necessary to compute the 
distance betweep the gage line of the actual curve before 
it is re-alined and the center line of the re-alined curve. 
This distance is a function of the throw at each string- 
lining station or joint of the curve. 

Standard gage or the distance between the gage line of 
the two running rails is 4 ft. 8% in Assuming for 
the time being that the gage is not widened on a curve 
it will then be necessary, in order to set a tack in a 
stake to represent the center line of the curve, to set 
the tack half-gage or 2 ft. 4% in. from the gage line 
of the high rail. 

Now, if we assume that another stake is to be set to 
mark an outward throw of two inches, it is immediately 
obvious that the new stake must be set two inches 
nearer the gage line of the high rail; since, if the rail 
is to be shifted two inches out, the center will be shifted 
111~ same amount Hence, in order to set a stake indi- 
,atln~ ;m outward throw of two inches. the tack in the 
stake must be, set a distance from the gage line of 
the high rail equal to half-gage less two inches, or 
2 ft. 2% in. Conversely, if the throw is in, or toward 
the center of the curve, the tack will have to be act two 
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incbcs {nrthcr from the game lint of thr high rail, 1~ 
2 It 6% in 

Therrforc, fog cvcry inch of throw in the outward 
dirrction, the slnkc for the revi\etl cnrvc will move one 
inch nearer than hill-gaKc to the ga~c line of the hush 
rail of the actual curve; and for every inch throw in 
an inward dlrectlon, the stake wtll move ‘an mch farther 
than the half-gage The rule IS thus formulated that 
the center of the revised curve is distant from the gage 

The Tack Distance 

line of the high rail of the actual or original curve an 
amount equal to one-half the gage minus the throw. 
The minus sign takes care of the sign of the throw; 
if the sign is plub (out), the distance WIII be less; but 
if the sign is negative, the minus sign changes it to a 
plus, thus addmg the throw to the ha!f-gage dlstadce. 

If we use half-throws Instead of throws. the above 
rule should be changed to read: The center of the 
revised curve is distant from the gage line of the high 
rail of the original curve by an amount equal to ohc-half 
the gage minus twice the half-throw. Reducing half- 
gage to inches, WC have: 

Tack distance quals 28% in. minus twice 
the half-throw. 

Tables showing the tack distances for different half- 
throws can be made very simply. It is usually more 
convenient to make these tables to show feet and deci- 
mals of a foot. In order to do this, it is necessary to 
reduce the 28g in. lo feet, and reduce the half-throws 
in eighths or tenths of inches (whichever is being used) 
to feet. In order to illustrate the method, the author 
has done this for half-throws in tenths of inches 
(Note: 28% in. equals 2.354 ft.) 

The half-throws, as obtained by the methods outlined 
in the preceding articles of this series. are in tenths of 
an inch. A half-throw of 0.1 in. means a full throw 
of 0.2 in. Reduced to feet, this is 2/120 or l/60 of 
a foot. Each unit of half-throw, then, means that the 
stake is set l/60 of a foot farther or nearer to the 
gage line of the original track. If we denote the half- 
throw in tenths of an inch by F (as in the notation 
used thus far), we have the relation that the dlstancc 
of the tack in the stake from the gage lmc of the high 
rail on the actual unlined curve if givenFby 

Distance = d = 2.354 - - 

The author has constructed, for u$ in the field, 
table giving values of this distance, d, as computed 
from the above formula. for each value of the half- 
throw from +l to +149, and also from -1 to -139 
These tables are given herewith. 

Such tables arc easily constructed by differences 
‘Ibus, the difference between any two tack distance> 
for a unit difference in throw is l/CO of a foot, as 
explained above. This cqnals 0 ICJifk16 ft Ry suh- 
tracting 0.016 from one value, 0.017 from the next 
and making a correction r.pposite every fourth value 
(that is, employing the values in the order, 0.017, 
0.016,0.017,0.017, etc.) we are enabled to write down 

thcsc valuer very quickly. Acain, awry time the half- 
throw rcachcs a multiple of 6. the track distance in- 
crcascs or dccrcxxs, as the case may be., by 0.1 ft., 
so that after having computed the first SIX vrlucs of 
the tack dlstanccs for throws out and throws in, the 
rcmalndci of tbc table can bc constructed simply by 

Table Giving Distance in Feet of Tack From High Rail 
for Half-Throws m (-1 in Tenths of Inches 

I 
2431 2,“4 
2101 2621 
2 771 2 797 

::z :::: 
1271 3297 
;4g :45; 

3771 3797 
:;g y:; 

4271 4297 
::z ;42: 

:17:he4tz; 
8s of feet ODD 

, I . 

2i71 2i97 2h 
2637 2654 2671 
2604 2921 2937 
2971 2997 3904 
3137 3 IS4 3171 
3394 3321 3317 
3471 3487 3SM 
3 637 36S4 3671 
3994 3821 3.937 
3971 3997 4904 
4.137 4 IS4 4.171 
4304 4321 4337 
447, 4497 4.m 
,637 46S4 4671 
4904 4921 4937 

Irma nlc IWC lime 
orite the DfoWI Mt. 
the pale and under 
44 0, a half-throw 

3 097. rb~cb IS read 
under tbc renud 

Table Giving Dirt-cc in Feet of Tack From High Rd 
for Half-Throws Out (+) in Tenths of Incha 

adding or subtracting 0.1 ft , and using the remainder 
of the figures as they were in the first six values. 
Such a table will be found of immense value to any 
one who lines more than one curve, inasmuch as the 
savings in time and labor in computing the tack 
distances are tremendous. 

Stakea and Equipment for Driving Them 
The best type of stake for string-lining purposes 

has proved to be a *out wooden stake of suitable 
material such as oak, about 1% in. square on top and 
with ready-pointed bottom. A long, slender point 
helps the driving and speeds up the work of getting 
the stake down to a firm settmg A good length for 
the stakes is about 18 to 30 in. depending upon the 
type of ballast into which they are to be driven. If 
the ballast is cinders, the 30-in. stake is preferable 
because shorter stakes are too easily moved by the 
track gang when the tics arc lined over for the new 
curve. If the ballast is rock the 18-in. stake is 
usually quite satisfactory, unless the ballast is quite 
new, in which caSe a longer stake should be used. 
For such materials as chats or screenings, an inter- 
mediate length of stake is best. 

In rock Mnllast, or in very compact ballast of any 
kind. a long steel bar or pin. flat on one end and 
with a long tapering, hardened point on the other end, 
will be found to be a valuable aid in speeding up 
the work of getting the stakes in, as such ballast 
frequently splits a wooden stake before it rucha 
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sufficient depth to irisurc lirni pcnctr.llion An old ln other words, all mca\urcmcnts should bc mode 
lining bar, properly baidcncd at the tip (wbicb lcvcl (for cxamplc), or cI\c a11 measurements should 
should first bc beaten out straight), nntl cut down bc made III the pl.mc of the tHo rails. Iu cithcr 
to a Icngth of about 38 or JO in., makes an atlmirablc 
tool for this purpose. Tbc pia should be driven into 

USC. it will bc ncccssary to sight down dvcr tbc tape 

the rock ballast first. and as it is drawn up out of the 
to tbc top of the stake. in orclcr to locate the exact 
point at which to drive tbc tack. This can best 

hole, the wooden stake should bc inscrtcd qmckly to bc done by the aid of a small ruler or a pencil, a~ 
prevent loose rock and dirt from falling into the hole. the cyc can bcttcr dctcrmine whether the ruler or 
A stnl maul, with flat ends on both sides of tbc head, 
and weighing about tight pound<. will bc found most 

pencil is vertical thau it can whether the line of sight 
alone is vertically o\cr the tape graduation. 

satisfartory for the work of driving both the pin In driving the stake, the person driving it should 
and the stakes. stand near the ccntcr of the track and two feet or 

The pin shbuld first he Ioccntcu by mcnquring from so away from the stake. 111 other words, he should 
the gage of the high rail the tack distance, as shown stand in such a manner that be can see whether the 
b&w. Then the pin is driven in, followed by the stake is vertical and has not slufted across the track 
suke. The stake should bc driven quite low-so that (bctwecn the two rails) as a small amount of shift 
it does not protrude more than 1% in. above the top 
of the ties on each side-to prevent its being hit and 

this way IS much more important than a greater 
amount along the center hne of the track. Where 

broken or knocked down by the steam and air lines 
of ping trains, or by dragging brake beams, etc. 
Thu is especially true of those stakes which. because 
of small throws, are near the center of the unlined 
track, since such stakes are more directly in the line 
of the air and steam lines than those at one side. 

At points where the throws are quite small, and 
all in the same direction-that is, either all out or all 
in for a distance of four or five rail lengths-some 
of the stakes can be omitted and the throw marked 
dn the tie. In places where there is no throw (there 
are frequently such places on near1 all curves) it 
will suffice to write “0. K.-X0 5 hrow” on the 
nearest tie in yellow chalk or keel. 

In setting center line stakes, the measurement from 
the gage line of the high rail to the tack in the stake 
should be made in the same manner as the 
original measurement was made when recording the 
data cm the curve. In other words, if the tape was 
held about on a level with the topCrof the two rai1s 
in taking the original ordinates before throwing, it 
&add be held at about the same anRlc when the 
stakes are ret. It pxs withour5aying that. rtnlc\s 
some precaution is taken to get approximately the 
same angk every time, thc.snglc of measurement will 
be diUerent on every stake set. As this is unsatis- 
factory, it is best to adopt ~mc rule for the mcasur- 
ins; and then follow the rule rh nearly as possible. 

there is any considerable amount of superclcvation 
in the high rail, it will be found that there is I 
decided tendency for a stake to “slide” down-hill or 
toward the lower rail as it is being driven. In view 
of this fact, it is generally wise to set the point of 
the stake from a half inch to as much as three inches 
nearer the high rail $han the actual point where it 
must finally be placed; after which it can be allowed 
to slide back to the desired point as it is being 
driven down. 

Cases will frequently be encountered where the 
string-lining station or the joint is on a tie or is 
located between two tics where there is scarcely 
suflicicnt space in which to drive a stake. In this 
case, of course, it is necessary to set the stake to one 
side or the other. Howcvcr. it should be rcmcm- 
bercd that this will chanRc the effective length of 
the chord; and as the middle ordinates vary as the 
square of the chord length, some slight correction 
may be ncccssary where the ordinate is unusually 
large. For example: suppose that a curve has been 
mcr~rrrcd with a Chit. chord. that the revised middle 
ordinate is f~nmcl to bc 56 (tenths of an inch), and 
that a stake cannot be set opposite a particular 
station, but must be set two feet fanher away 
(toward the next station nr joint). Then the actual 
chord length is not 66 ft., but 68 ft.; and the ordinates 
w:ll vary as G6 squared is t&E squared or as 4.356 - 

.--.. 
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that must be measured on account of the lcngthcning 
the chord ; and, instead of measuring 56, the &order 

is to 4,624 or 94.3 per cart. 

or ocrson driving the stakes, must measure 59 (tenths 

Consequently, 56, the. 

of&r inch). Bythc same reasoning, if the next stake 
he drives is in the correct position, the chord length 

ordinate to set is only 94.3 per cent of the ordinate 

will be 2 ft. less (because tbc other one was 2 ft. 
longer) than 66 ft. or 64 ft.; and he must measure 
an ordinate of 94.0 per cent of 56 or 53. The correc- 
tion for a move of 1 ft. either side of the joint is, for 
a chord of 66 ft., approximately 3 per cent; for a 2-ft. 
move and a 66-ft. chord, it is approximately 6 per 
cent. As even 6 per cent of a small ordinate such 
as 10 (or one inch) is practically negligible, the cor- 
rection is advisable only when the ordinates are 
ratha large, as illustrated. 

mov&r%nt obviously destroys tbcir vnluc. 
--., 

Mm cover, 
if set in the center of the track, they cannot remain 
there long without being hrt by some dragging part 
on a tram-a further argument rgamst tlicm. 

really ncrmancnt. but niovc with the ballast. Atw 

Some roads make it a practice to set permanent 
track centers either in the center of the track, or at 
one side. On double and multiple track roads, it is 
usually the custom, where such stakes arc set, to 
place them between the tracks. 

If uniform track centers are carried throughout 
the length of a tangent, they must ncce<sarily bc 
widened through the curve. Because of the poor 
tapes which section foremen commonly carry, and 
because it is very difficult for them to measure along 
the radial line of the curve, it usually happens that 
when the track centers are thus widened, they are 
not uniform around the curve. Added to this, is the 
fact that, because of the drfferent spirals on the ends 
of the curve, the throws required to line two curve< 
will not be such as to make the track centers also 
uniform. Small variations one way or the other from 
a uniformly widrned center around a curve arc not 
particularly noticeable, anyway. The value of per- 
manent centers is, then, seen to be doubtful. In the 
author’s opinion, they arc not worth the time and 
labor to install them. As a rule, permanent track cmrter stakes arc not 
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APPENDIX G: INSPECTION OF WOOD TIES 

G-l. General. 
Properly treated, sound, wood crossties and switch 
ties last many times longer than untreated material; 
therefore, procurement of high quality, preservative- 
treated materials is required to maximize service life. 
Acceptance criteria for wood ties is specified in Fed. 
Spec. MM-T-371E which includes a requirement that 
preservative-treated wood ties conform to Fed. Spec. 
‘IT-W-OO57lJ. Detailed standards, rejection criteria, 
certification documentation, requirements for inde- 
pendent inspection agency, and other quality assur- 
ance clauses are contained in supply contrast 
specifications and are not shown herein. Technical 
assistance to prepare purchase contracts or to con- 
firm tie rejection can be obtained through addressees 
listed in paragraph l-3 of the main report. 

G-2. Responsibility. 
Ties shall be checked by receiving activity and spot 
checked by foreman or contract inspectors prior to 
installation. Defective ties shah not be installed in 
any trackage system, except when specifically pur- 
chased for temporary trackage. The following quick- 
checks should be preformed by the user after 
delivery: 

G-2.1. Treaters Brand Mark. The brand identifying 
preservative, supplier, and year of treatment is 
required at least on one end of each tie. Ties lacking 
this brand mark should be rejected. 

G-2.2. Tie Condition. Ties damaged more than 30 
percent (l/3) of their thickness (approximately 2 
inches) and split ties without antisplitting devices 
shall not be installed in any trackage system. 

G-2.3. Preservation. Inspection after delivery to 
determine penetration conformance of treated wood 
ties is limited to evaluation of creosoted products. 
Other preservative treatments require special dyes to 
identify areas containing preservatives. Penetration 
analysis requires destructively cutting a tie or remov- 
al of a core sample with an increment borer, Figure 
G-1. The sample should be removed near the midsec- 
tion to avoid effects of end penetration. The degree of 
penetration required for acceptance varies in accor- 
dance with wood species and intended use. These 
requirements are listed in Table G-1. Batches of ties 
that lack the required penetration shall not be used in 
trackage systems and formal complaint/rejection pro- 
cedures shall be initiated. 
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SCALE: %“=l” 

FIGURE G- 1. INCREMENT BORER 

So&n or Ponduosa Pin1 

Pacific Court or Inttior 
Dougfas fi; Western 

lldock; Western larch; 
Redwood; Jack; Lodgepole 

Red and Sugar Pine; 
and Ihthm 01 

Westun Wfite Pie 

I Red Oak 

I WMe Ollr 

MI#IMUM 

PENETRATION - -- 
Ii/ INCHES 

2.5 

0.5 (KI 

3% of annual finr 

1.5 

MlMlMliM 
SAPWOOD 

PENETRATION 
85% 

90% 

95% 

75% 

TABLE G-l. ACCEPTANCE REOUIREMEMTS FOR 
PRESSURE TREATED WOOD TIES 
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By Order of the Secretaries of the Army, the Navy, and the Air Force: 

E. C. MEYER 
General, United States Army 

Chief of Staff official: 

J. C. PENNINGTON 
Major Geneml, United States Army 

The Adjutant General 

LEW ALLEN, JR., General USAF 
Chief of Staff official: 

VAN L. CRAWFORD, JR., Colonel, USAF 
L?irector of Administration 
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